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FOREWORD 

The 1986 Amendments to the Safe Drinking 
Water Act (SDWA) established a new Wellhead 
Protection (”) Program to protect ground 
waters that supply wells and weUfields that 
contribute drinking water to public water supply 
systems. Under SDWA Section 1428 each State 
must develop a WHP Program that consists of 
several elements. 

At a minimum, each State’s WHP Program 
must: 

(1) Specify roles and duties of State agencies, local 
government entities. and public water suppliers, 
with-respect to WHP Programs; 

(2) Delineate the wellhead protection area 

(3) Identdy sources of contaminants within each 

(WHPA) for each wellhead; 

WHPA; 

(4) Develop management approaches to protect the 
water supply within WHPAs from such 
contaminants; 

( 5 )  Develop contingency plans for each public 
water suppiy system to respond to well or 
wellfieid contamination; 

(6) Site new wells properiy to maximize yield and 
minimize potential contamination; and 

(7) Ensure public participation. 

The Wellhead Protection Program requires the 
.partiupation of all levels of government. The 
Federal government is responsible for approving 
State Wellhead Protection Programs and for 
providing technical support to State and local 
governments. States must develop and implement 
Wellhead Protection Programs that meet the 

requirements of the SDWA Amendments. While 
the responsibilities of local governments depend 
upon the particular requirements of their State’s 
Wellhead Protection Program, localities are often 
in the best position to implement measures to 
ensure that wellhead areas are properly protected 
from contamination. 

Local governments typically implement zoning 
decisions, develop land-use plans, oversee building 
and frre codes, implement health requirements, 
supply water and sewer services, and enforce police 
powers. Each of these local powers may be used 
to protect the quality of local aquifers. 

Local cities and counties are also often the 
innovators in developing wellhead protection 
programs by applying combinations of management 
techniques (e.g., zoning and source prohibitions) to 
meet unique locai conditions. Localities often 
protect ground water as part of larger projects, 
such as developing growth management plans or 
economic development efforts. in close cc<opera- 
tion with regional, State, and Federal agencies, 
local governments can take positive steps to protect 
their wellhead areas. 

Because of the importance of local efforts to 
protect ground water, EPA has prepared this 
Technical Assistance Document. In general, this 
document is directed at the fourth program 
element noted above, the management of 
contaminant sources within WHP areas. More 
specifically, it shows how local governments, such 
as cities and counties, have developed innovative 
and effective wellhead protection programs, even 
with limited resources and expertise. The 
document describes wavs in which local 
governments may develop such programs, discusses 
potential management tools. and provides examples 
of local programs around the country. 
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c SECTION 1 

~~ 

USING THIS DOCUMENT 

This Technical Assistance Document (TAD) 
describes how localities can, as a part of a State 
Wellhead Protection Program, develop and 
implement effective techniques for the protection 
of ground water. The document emphasizes 
innovative wellhead protection methods that have 
been used by local communities, discusses 
combinations of programs that have worked well, 
and presents several factors that affect the success 
of local wellhead protection programs, such as 
budgetary constraints and legal issues. Examples 
of the ways in which some communities are using 
management tools to protect ground water are 
highlighted in the text in bold face print or in 
shaded boxes. Contacts for more information on 
these local programs are listed at the end of the 
document. 

LOCAL GOVERNMENTS ARE 
TAKING STEPS TO PROTECT 

GROUND WATER 

nte town of Rib M 
good ewmple of a successfil local govemment 
ground-water protection progmm. Rib Moun- 
tain, located in Marathon Co 

susceptible to contamination because of its 
highly permeable aquifeE In September 1985, 
after receiving assistance from the Marathon 
County Planning Depunment, Rib Mountain 
adopted zoning regtitations to protect its three 
municipal water slipply wells. 77ie town 
prohibited iiidiistrial arid commercial develop- 
ment in highly penneable areas overlying the 
town’s aquifer and, in less susceptible areas, 
allowed limited industrial and commercial uses 
based on special pemiits.1 

0 rgan kat io n of Document 
This TAD is organized as follows: 

Section 2 (Identifying Local Needs) highlights 
several issues localities may want to consider as 
they develop local wellhead protection programs: 

0 Establishing local objectives; 

Delineating wellhead protection 
areas; 

Evaluating sources of contamina- 
tion; and 

0 Examining implementation issues 
(e.g., funding, legal authority). 

Section 3 (Choosing Appropriate Tools for 
Wellhead Protection) describes several management 
tools, provides examples where they have been 
successfully applied, and notes how tools can be 
combined effectively. 

The management tools described here include: 

Zoning ordinances: Direct land 
development and regulate land 
uses; 

Subdivision ordinances: Protect 
land divided for development; 

Site plan review: Helps ensure 
compliance with development 
Plans; 

0 Design standards: Prevent 
ground-water contamination by 
setting design and construction 

* standards; 

0 Operating standards: Help 
regulate potentially hazardous 
practices; 

Source prohibitions: Prohibit 
development or materials that 
threaten ground water; 

Purchase of property or develop- 
ment rights: Ensures control of 
land uses in wellhead areas; 

Public education: Builds support 
. for ground-water protection 

activities; 

Ground-water monitoring: Helps 
assess ground-water qualitr, 
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Household hazardous waste col- 
lection: Reduces threats to ground 
water from hazardous waste 
disposal; 

Water conservation: Reduces 
contamination from salt-water 
intrusion; and 

Other methods: Can meet local 
needs (e.g., by combining other 
management tools). 

Section 4 (Implementing a Local Program) 
presents program management issues to consider 
in implementing a wellhead protection program. 
Local wellhead protection programs rely on skilled 
staff, communication with the public, and 
enforcement of requirements. Expertise may be 
available at the local level. Alternatively, outside 
agencies, such as universities or State agencies, may 
provide staff or other technical support to local 
progras.  A range of techniques may be used to 
communicate with the public, including meetings, 
flyers, and other advertising. Localities dan ais0 
protect ground water through active enforcement 
of regulations. 

Section 5 (Finding Additional Information) 
provides additional sources of information on 
wellhead protection management techniques and 
local .ground-water protection programs. Contacts 
in States and EPA Regional ofices are listed and 
other references on ground-water protection and 
hydrogeology are provided. 

Other Technical Assistance 
Documents 

aocument, for State and local governments 
interested in developing Wellhead Protection 
Programs: 

DeveIoping A State WeIIhead 
Protection Program: A User's 
Guide to Assist State Agencies 
Under the Safe Drinking Water Act 
(July 1988); 

0 Model Assessments for Delineating 
Wellhead Protection Areas (May 
1988); 

State WelIhead Protection Program 
Question and Answer Fact Sheet 
(June 1987); 

Guidance For Applicants For State 
Wellhead Protection Program Assis- 
tance Funds Under 73e Safe 
Drinking Water Act (June 1987); 

GuideIines For Delineation Of 
Wellhead Protection Areas (June 
1987); and 

U'ellhead Protection: A Decision 
Maken' Guide (May 1987). 

To obtain copies of these or other EPA materials, 
contact the EPA Regional ground-water repre- 
sentative (listed in Section 5). 

In response to the 1986 SDWA Amendments, 
EPA's Office of Ground-Water Protection has 
developed several TADs, in addition to this 



, .  SECTION 2 

IDENTIFYING LOCAL NEEDS 

This section reviews the typical questions that 
localities have considered before developing a 
wellhead protection program: 

EPA's Guidelines for Delineation of WeIIhead 
Protection Areas identifies several operational goals 
for wellhead protection: 

Local objectives: What must be 
accomplished? 

Wellhead protection areas: What 
areas should be protected? 

Sources of contamination: What 
are the threats to ground water? 

Local resources and constraints: 
What can be accomplished? 

Existing programs: What other 
programs need to be considered? 

/ 

An evaluation of these issues may help guide 
development of a wellhead protection program. 

Local Objectives 
By clearly specifying objectives in adopting a 

wellhead protection program, localities may be 
better able to: 

Investigate programs adopted 
elsewhere to meet similar goals; , 

Decide what program options 
make sense and which do not; 
and 

. Tailor the program to the specific 
objectives. 

A variety of factors, including dependence on 
ground water, availability of alternative sources of 
drinking water, local commitment to a program, 
and other factors discussed in this section, will 
combine to determine the local objectives in well- 
head management. Some communities may wish 
to provide complete protection against any 
contamination of their aquifer through use of the 
various land-use tools. Others may wish to give 
highest priority to current or future problems 
stemming from particular sources, such as 
underground storage tanks, or agricultural practices. 

Providing a remedial action zone 
around a wellhead to act as a 
safety buffer that allows time to 
respond to an accidental contam- 
inant release; 

Creating an attenuation zone to 
reduce. concentrations of known 
contaminants in ground water 
before they reach the well; and 

Using wellfteld management zones 
to regulate activity in all or part 
of the recharge area. 

Although the goals can often be identified 
before evaluating the other issues discussed in this 
section, localities should be careful not to restrict 
the program unnecessarily. Further consideration 
may reveal that initial goals could be expanded 
upon, or should be modified. 

Wellhead Protection Area 
For the purposes of this document, wellhead 

protection area refers to the area that will be 
managed by a community in order to protect 
ground-water resources. Under the Safe Drinking 
Water Act, a wellhead protection area is defined 
as "the surface and subsurface area surrmnding a 
water well or wellfield, supplying a public water 
system, through which contaminants are reasonably 
likely to move toward and reach such water well 
or wellfield." 

WELLHEAD DELI NEAT1 ON 

The method by which this area is defined may 
differ from one community to the next. The 
objective is to identify a defined geographic area 
that is significant for the protection of water 
quality, Various documents and other resources 
are available to assist in making this determination. 
including EPA's Guidelines /or Delineation of 
Wellhead Protection Areas. 

Communities with sufficient resources may 
wish to hire hydrogeologic consultants to delineate 
the boundaries of these areas. A community need 



not, however, have the resources of a large 
metropolitan area to obtain an adequate delineation 
of their wellbead protection area. EPA's 
Guidelines present a range of methods for 
delineation of wellhead areas, some of which are 
straightforward and unlikely to require significant 
time or resources. 

1 D E " G  
CBOU'N'D-WATER THREATS 

The Cape Cod Aqoifer Management Project 
(CCAMP), a project jointly sponsored by the 
US. Environmentai Protection Agency, the 
US. Geoiog-cat Suwey, the Massachusetts 
DepMment of Environmental Quarig 
Engimering, and the Cape Cod Phmning and 
Economic Development Commission, was 
charged with dew foping cut integrated appmach 
to ground-water management for any setting 
using two & o m  located on Cape Cod and for 
Cape Cod as a region C W  idenhjsed the 
Geographic fnfomation System (GAS) as a 
potential mmugernent tool and chose to 

by underlgraund storage tank an& Ian 

State offices responsible for protection of water 
resources may be particularly useful sources of 
information. Contacts at these State agencies are 
listed in Section 5. These agencies will, in many 
cases, have information available on the geology 
and hydrology of areas in the State. 
Massachusetts, for example, maintains a 
hydrogeologic information matrix that lists al l  
relevant State, U.S. Geological Survey YUSGS), 
and consultant reports, indexed by geographic 
location. 

In addition, communities can contact represen- 
tatives of the local water utilities, the Soil 
Conservation Service, the Extension Service of the 

r 

U.S. Department of Agriculture (USDA), or the 
District Ofice of the U.S. Geological Survey. 
Individuals associated with these agencies often 
possess knowledge of the local geology that will 
assist in determining the appropriate level of 
protection. Local expertise may also be available 
from other sources, includq university faculty, 
local residents, or local industries willing to offer 
their services. 

GROUND-WATER HYDROGEOLOGY 

About half the U.S. population, and about 95 
percent of rural America, depends on ground 
water. Rain and snow infiltrating through the sod, 
and water from streams and rivers, recharge 
underground aquifers. Aquifers may be localized 
or cover several towns or counties. Ground water 
generally moves from areas of recharge to areas of 
discharge. 

Ground-water wells affect the flow of ground 
water by lowering water levels in an area around 
the well, known as the zone of influence or cone 
of depression, as depicted in Exhibit 1. The full 
recharge area to the well is often -ded  the zone 
of contribution. The zone of influence and the 
zone of contribution may constitute a fraction of 
an aquifer's area, or go beyond individual aquifers 
to inter-connected aquifers. The wellhead protec- 
tion area may constitute all or part of the zone of 
influence or zone of contribution. .Wellhead 
protection areas range in size, usually from tens of 
acres to several square miles, and, in some cases, 
to tens of square miles. 

Ground water can become contaminated by 
many hazardous materials, such as pesticides, 
fertilizers, organic chemicals, and human wastes. 
The degree of contamination depends on soil 
characteristics, contaminant characteristics, ground- 
water flow, and other factors. Porous soils, such 
as sand, located over shallow aquifers generally are 
quite susceptible to contaminatioc. while deep 
aquifers located in heavy clay soil areas are less 
susceptible. Once contaminated, aquifers are 
difficult and expensive to clean up. For example, 
localities or responsible parties may have to pay for 
site studies, remediation, and property damage. 
The most cost-effective approach is to prevent 
contamination before it occurs, rather than at- 
tempting to remedy existing contamination. 

For detailed information on the hydrogeologic 
framework of the wellhead protection program, 
localities may wish to examine some of the EPA 
materials or other ground-water references listed 
in Section 5 of this document. 
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EXHIBIT 1 

' GROUND-WATER 

I BEDROCK I I 
I I I 

1 I 
I 
I 

ZOC Zono of Contrtbutlon 
or Rochug. &or 

Sources of Contamination 
Manyco"uniticshavecvaluatcdbothcxis~ 

and potential "xs of con"t ion before 
c m d c r i q  methods to prevent future problems. 

INVENTORY OF EXISTING SOURCES 

An inventory of the number and diversity of 
cxkting activiticS can scm a two-fold purpose for 
wellhead protcaion: 

It provides local officials with an 
understanding of the potential for 
" i o q  and 

It providcs basic information that 
can be wfuI for desigdug dif- 
ferent controls and determining 
the areas in which they should be 
applied. 

The extent and focus of an inventory can vary 
from town to town depending on spc&c lo& 
concerns, rcsourccs availablq and the variety of 
potential contamhati on sources. A local 
community may decide to inventory all of the 
potential sources within its political boundaries or 
may decide to expand the inventory beyond these 
bomdaries to encompass antaminant sources that 

. pose a potential threat. Oakley, Kansas, for 

instance, in cooperation with the county govern- 
ment, is conducting a review of land-use practices 
both inside and outside the city limits that may 
affect municipal wells. Evcn if a c o m ~  does 
not have the le@ authority to regulatc the sour- 

utilities, or adjacent regulatory officials may be 
willipg to coopcrate in an effort to prmnt con- 
tammalion 

ccs outside its boldalieq property owner& water 

In addition, a community may determine that 
specific sources post a threat to the water supply 
and focus on these threats wherever they may be 
found. In agricultural commecs ,  the focus may 
be on the storage and application of fertilhm and 
pesticides. Other communities may decide to 
concentrate on underground storage tanks, dry 
cleaners, or specific industrial activities. After 
assessing the rislrs, communities that chocwe to 
focus on either specific arcas or sources can 
expand their program in the future to encompass 
additional areas or activities at a later date. 
Exhibii 2 identifies s p d c  sources of 
contrmlnn ' tion that could be addressed in an 
inventory. EPA or State officials can provide 
information on how to conduct an inventory and 
local agencies, such as fire departments, can assist 
in identifying potential sources (e.& underground 
storage tanks). 
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EXHIBIT 2 

SOURCES OF GROUND-WATER CONTAMINATION3 

CATEGORY I - Sources designed to discharge 
substances 

Subsurface percolation (e.&, septic tank  and 
cesspools) 

Injection Wells 
Hazardous waste 
Non-hazardous waste (e&, brine disposal and 

Non-waste (e&, enhanced recovey, artificial 
drainage) 

recharge solution mining, and in-situ mining) 
Land application 

Waste water (e+, spray imgation) 
Wastewater byproducts (e.g., sludge) 
Houudous waste 
Non-hazardous waste 

CATEGORY I1 - Sources designed to store, 
treat, and/or dispose of substances; aischarge 
through unplanned release 

Landfills 
Industrial hazardous waste 
Indusm*ai non-hazardous waste 
Municipal sanitary 

Open dumps, including illegal dumping (waste) 
Residential (or local) disposal (waste) 
Suqace impoundments 

Hazardous waste 
Non-hazardous waste 

Waste tailings 
Waste piles 

Hazardous waste 
Non-hazurdous waste 

Materials stockpiles (lion-waste) 
Graveyards 
Animal burial 
Aboveground storage tanks 

Howdous  waste 
Non-hazardous waste 
Nom waste 

Wndewound storage tanks 
Hazardous waste 
Non-hazardous waste 
Non-waste 

Houvdous waste 
Nori-hazardoiis waste 
Non-waste 

Open buming sites 
Detonation sites 

. Radioactive disposal sites 

Containers 

CATEGORY 111 - Sources designed to retain 
substances during transport or transmission 

Pipelines 
Hazardous waste 
Non-hamdous waste 
Non-waste 

Hazardous waste 
Non-hazardous waste 
Non-waste 

Materials transport and transfer operations 

CATEGORY N - Sources discharging substances 
as a consequence of other planned activities 

Znigation practices (e.g., retum flow) 
Pesticide applications 
Fertilizer applications 
Animal feeding operations 
De-icing salts applications 
Urban nmoff 
Percolation of atmospheric pollufants 
Mining and mine dtainage 

Sugace mine-related 
Underground mine-related 

CATEGORY V - Sources providing conduit or 
inducing discharge through altered flow pattens 

Production wells 
Oil (and gas) wells 
Geothennal and heat recove,ery wells 
Water supp!~ wells 

Other wells (non-waste) 
Monitoring wells 
Exploralion wells 

Construction excavation 

CATEGORY VI - Naturally occurring sources 
whose discharge is created and/or exacerbated 
by human activity 

Groundwater - surface water interactions 
Natural leaching 
Sa1t;water inmsion/brackish water upconing (or 

itttmsioii of other poor-quality natural water) 
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After the inventory has been completed, the 
local government will evaluate the data gathered in 
the inventory. Communities have mapped the 
location of sources and calculated distances to wells 
or aquifer recharge areas. Sources may be 
categorized by type or by degree of potential harm 
to ground water. In addition, the inventory could 
categorize sources by the degree of local regulatory 
authority over the source (e.g., local ordinances 
may regulate subdivision development, while State 
and Federal regulations govern hazardous waste 
management practices). 

POTENTIAL FOR NEW SOURCES 

Identification of existing contamination sources 
may address immediate concerns about protection 
of the local water supply. To ensure that the 
supply remains uncontaminated, communities have 
also anticipated growth areas and future activities 
to maintain the quality of the water supply. 

PROTECTING GROUND WATER 
FROM FUTURE THREATS 

Portland, Oregon, identified competing uses 
in an area adjacent to the south shore of fhe 
Columbia Aiverubutting Portland Intemational 
A i p a .  The area is used for municipal water 
mpply, but is currently being promoted for 
indusbial development and transponation 
improvement. Recagnizing the conflcting goals 
and potential for firlure problems, the ciry 
developed a water quality protection plan. As 
port ofthis process, the risks front both a'sting 
and future activities were evaluated, niitigatiort 
measures were analyzeti, and a plan was 
adopted. Prohibition or control of high risk 
activities, land use and building regulations, 
traflc control, treatment and conlainment of 
tunofi monitoring of surface arid subsurface 
water quality, and emergency response and 
cleanup programs are mnong the measures 
included in the plan. Development or building 
applications must contain a list of hazardous 
materials potentially located on-site.4 

Communities in rapidly growing areas, for 
example, have examined land-use patterns and 
directed industrial development or other potential 
sources of contamination to areas that do not pose 
a threat to the water supply. Where land-use 
controls alone were insufficient or not appropriate, 
communities have adopted design and operating 
standards to protect ground-water quality. Where 

'particularly sensitive areas have been identified, 
communities have decided to ban activities that 
pose a large risk of contamination in those areas. 

The advantage of planning prior to develop- 
ment is that localities can spec@ growth locations 
and development procedures that will minimize 
later problems with ground-water quality. Taking 
steps before a problem arises has the added 
advantage of avoiding disruptions to existing land 
use and possible legal challenges (e.g., claims of 
discriminatory actions). 

PRIORITIZING SOURCES OF 
CONTAMINATION 

Identification of the potential sources of 
contaminsion is one of the first steps in wellhead 
protection. As mentioned above, a community 
may decide to focus its inventory on specific 
sources based on a perception of local threats or 
needs. Even if a complete survey has been made 
oi all potential sources of contamination, a locality 
may still wish to prioritize the sources based on 
the degree of threat and the need for controls. 

I 
~ I 

PRlORITIZING SOURCES OF 
NTAMINATION 

sconsin, has created a system 
for indexing the potential risk of ground-water 
pollution. Xhis system assigns risk facton to 
sources based on considerations such as 
toxicity, concentration, natural protection, level 
of controls, and distance from water supplies. 
Discharge areas for each pollution source are 
factored in to establish a community risk irtder 
number. The system augments evaluations and 
management decisions re ardingpreveiitiori and 
correction of problems. P 

Some activities that present a risk to ground- 
water quality may be adequately regulated by 
existing controls and, thus, not require further 
oversight. Moreover, limits on available resources 
may dictate that local governments address more 
s&icant threats to the water supply immediately 
and address additional sources as resources become 
available. Some communities have developed 
methods to evaluate the risk potential of sources. 
Federal and State officials also may be able to 
assist local governments in setting such priorities. 



Local Resources 

A ground-water management program should 
be tailored to fit the specific needs and capabilities 
of a community. Therefore, many communities 
have evaluated local resources that may affect the 
implementation .of local programs. 

ADMINISTRATIVE 

Most of the management tools that are 
discussed in this document require some degree of 
administrative activity in order for the program to 
be effective. Zoning, for example, requires an 
analysis of the local land-use patterns to determine 
growth areas; site plan review requires a means of 
reviewing applications; and design and operating 
standards .may require review of applications and 
inspection of operations. These activities can be 
handled by a planning commission, site plan review 
committee, or health or building departments in 
many communities. Before adopting a particular 
management tool, therefore, a community may 
wish to decide who will be responsible for 
implementation of the program and ensure that 
the responsible agency has the time and expertise 
necessary to do the job effectively. 

RESOURCES 

Before adopting a management tool, local 
governments may wish to consider the resources 
available for implementation. For example, 
although volunteers can conduct a certain amount 
of the ground work in identifying potential sources 
and by participating in planning and site plan 
review activities, they will not be able to conduct 
inspections. 

Similarly, programs that require the time of 
health department, building department, or other 
municipal personnel must be evaluated in light of 
the current s t a f fq  needs and staff levels of that 
department. If the building department, for 
instance, is already stretched to its capacity, it may 
be unable to provide review of the use of new 
design standards in building permit applications 
without additional staff. 

In some cases, current personnel do not have 
the necessary expertise in the. subject. The 
availability of training should be looked into before 
adopting particular tools or hiring new staff with 
the needed skills. 

ECONOMIC/POLITICAL 

Regulation of activities in the wellhead protec- 
tion area, if it is.to stand up to local review and 
be accepted in the community, must recognize both 
existing regulatory programs and pressures for 
development. A program may be more easily 
accepted by the population if it can be tied into a 
program that is already in place or can be tied to 
existing local concerns. If the community has had 
experience with ground-water problems in the past, 
it may be more receptive to preventive steps. A 
community that is actively pursuing an industrial 
base, on the other hand, may be reluctant to 
impose restrictions on such development if poten- 
tial threats to ground-water quality are low. 

LEGAL 

Legal authority and the extent of that authority 
must be considered when evaluating management 
options. The police power of the States, 
established by the Tenth Amendment of the U.S. 
Constitution, has been delegated to local govern- 
ment by most States. The police power encompas- 
ses a broad power to legislate on behalf of the 
public health, safety, and welfare, and thus can 
include regulations to protect ground water from 
contamination. There are limits to this power, 
based on the actions of Federal and State 
regulatory authorities, the language of the enabling 
laws, and Federal and State court rulings. Local 
communities operate under some constitutional 
constraints on their power to act, including the 
need to provide equal protection, due process of 
law, and just compensation for property taken for 
public use. The city attorney or other local 
government attorneys can evaluate whether planned 
local regulations or actions would constitute a 
taking. In general, though, actions protecting 
public health and safety are given broad latitude by 
courts before such actions are considered takings. 
Most local governments possess the power to 
establish and enforce zoning and subdivision 
regulations, and to protect drinking water. 

Other legal issues that may affect local 
management options include: 

State/Federal preemption; 

Delegations of local powers; 

Authorities granted, or restricted 
by statutes; and 

Specific limitations within the 
municipal charter. 
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These legal issues are discussed below. 

State/Federal Preemption. Courts have found 
that some matters are of such general concern that 
laws passed at the State or Federal level will take 
precedence over local regulation. This doctrine 
generally applies, however, only when the State or 
Federal government has actually adopted legislation 
in the specific area that local government is seeking 
to regulate. 

Delegations of local powers. State constitutions 
are the means by which States typically delegate 
police powers to local governments. Another 
common source of authority is through the grant 
of home rule power either by legislation or 
constitutional amendments. This delegation may, 
for instance, h i t  local police power to regulations 
that do not conflict with the general laws of the 
State. In many cases, the delegation may be so 
broad as to be unclear. Where there appears to 
be a valid case to be made for an interpretation 
favoring regulation, localities may wish to weigh the 
risk of a contrary interpretation by the courts and 
the associated legal costs against the potential 
ground-water protection benefits. Questionable 
delegations of power can be referred to the State 
Attorney General for clarification. 

Statutes. State legislation may speciftcally 
grant local governments the authority to adopt 
ground-water protection programs. For example, 
Illinois authorized local creation of a setback zone: 

‘The corporate authorities of each 
municipality served by a com- 
munity water supply well may 
perform a groundwater protection 
needs assessment, and may by 
ordinance adopt a minimum or 
maximum setback zone around a 
wellhead ...” Illinois Groundwater 
Protection Act (PA. 85-863) Pll- 
125-4. 

In addition, States may reserve the authority 
to regulate in certain areas. Some States, for 
example, restrict the authority of localities to 
regulate pesticide use. 

Charter. Some communities receive their 
authority to govern by a charter, granted by the 
State. In such a case, the charter will be specific 
as to powers. This will generally include the 
authority endowed by police power. 

A community may wish to conduct a pre- 
liminary investigation of local needs, evaluate 

-management options, and request an analysis of 
preferred alternatives by’the municipal attorney or 
a local land-use attorney. 

Existing Programs 

Existing programs in a community may already 
address local concerns. In addition, some Federal, 

’ State, or regional and local programs may provide 
useful information and guidance. 

FEDERAL 

There are several Federal statutes that govern 
various aspects of ground-water protection: 

SDWA (the Safe Drinki;lg Water 
Act) regulates the use of wells for 
waste disposal and establishes the 
Wellhead Protection Program. 
Sole Source Aquifer designation 
provides an additional level of 
review for some Federal activities. 
In addition, the SDWA provides 
EPA and the States with authority 
to ensure that drinking water 
supplied by public water systems 
meets minimum health standards. 

0 RCRA (the Resource Conserva- 
tion and Recovery Act) sets stan- 
dards for the design, operation, 
and cleanup of hazardous waste 
facilities. RCRA also regulates 
underground storage of petroleum 
and other hazardous substances, 
and municipal solid waste landfills. 

0 CERCLA (the ‘ Comprehensive 
Environmental Response, Com- 
pensation, and Liability Act), also 
known as Superfund, was 
established to clean up abandoned 
hazardous waste sites, including 
those that threaten drinking water 
supplies. 

0 ,  SARA (Superfund Amendments 
and Reauthorization Act) Title 111 
requires businesses to notify 

b governments of potentially 
hazardous substances stored or 
managed on-site. This information 
can be useful in identifying 
potential contamination sources. 
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CWA (the Clean Water Act) is 
currently limited to ground water 
shown to have a connection with 
surface water and sets standards 
for allowable pollutant discharges. 

FIFRA (the Federal Insecticide, 
Fungicide, and Rodenticide Act) 
was established to set standards 
for pesticides. Pesticides are 
potential contaminants of ground- 
water supplies, especially in rural 
areas. 

Local officials should contact Regional EPA 
personnel, and State ground-water officials (see 
Section 5) to obtain information on how these laws 
and programs may affect local wellhead protection 
plans. 

STATE 

State governments, under the requirements of 
SDWA, are to designate a lead agency and develop 
a wellhead protection program at the State level. 
Officials responsible for administering this program 
can provide guidance for meeting State 
requirements and establishing local programs. 

States can assume some of the authorities 
created by RCR4, SDWA, and CWA by adopting 
legislation and a regulatory program at least as 
stringent as the Federal program. The State 
agencies responsible for administering these I 

programs may be able to help determine if 
enforcement of existing regulations could alleviate 
local concerns, and if expertise is available to assist 
local governments. Many States also have 
programs related to ground-water protection that 
may already provide some form of regulation of 
wellhead protection areas. 

REGIONAL AND LOCAL 

Local ordinances and by-laws may already be 
sufficient to accomphh local go&. Local 
communities may wish to examine existing local 
programs to decide if stringent enforcement or 
additional changes will be sufficient to accomplish 
the desired goals, Finally, many States have a 
network of regional agencies, such as planning 
agencies or conservation districts, that address 
ground-water protection or can provide information 
or assistance to local governments. 
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CHOOSING APPROPRIATE TOOLS FOR WELLHEAD PROTECTION 

Overview Operating Standards (page 23). Operating 
standards are regulations that apply to ongoing 
land-use activities to promote safety or environ- 
mental protection. Such standards can minimize 
the threat to ,the wellhead area from ongoing 
activities, such as the application of agricultural 
pesticides or the storage and use of hazardous 
substances. 

A number of commonly used land-use controls, 
source controls, and other tools have been found 
to be useful for protecting wellhead areas. Al- 
though most of these tools have been used tradi- 
tionally for other purposes, many are now being 
used to protect ground water. 

This section describes briefly some tools used 
successfully by local governments throughout the 
country for ground-water protection. The purpose 
here is to introduce these tools, explain how they 
have been used in the past, how communities can 
find innovative ways to apply them to wellhead 
protection areas, and what considerations 
communities should be aware of in adapting and 
implementing them. This discussion is not an 
exhaustive review, but simply an introduction to 
what is available and what to look for. For more 
infomation, check the written sources listed in 
Section 5 or contact EPA or State ground-water 
protxtion agenda. 

The management took described here are: 

Zoning Ordinatlces (page E). Zoning or- 
dinances typically are comprehensive land-use 
requirements designed to direct the development 
of an area. Many local governments have used 
zoning to restrict or regulate certain land uses 
within wellhead protection areas. 

Subdivision Ordinances (page 18). Subdivision 
ordinances are applied to land that is divided into 
two or more subunits for sale or deveiopment. 
Local governments use this tool to protect wellhead 
areas in which ongoing development is causing 
contamination or there is inadequate well recharge. 

Site Plan Review (page 19). Site plan reviews 
are regulations requiring developers to submit for 
approval plans for development occurring within a 
given area. This tool ensures compliance with 
regulations or other requirements made within a 
wellhead protection area. 

Design Standards (page 21). Design standards 
typically are regulations that apply to the design 
and construction of buildings or structures. This 
tool can be used to ensure that new buildings or 
structures placed within a wellhead protection area 
are designed so as not to pose a threat to the 
water supply. 

Source Prohibitions (page 25). Source 
prohibitions are regulations that prohibit the 
presence or use of chemicals or hazardous activities 
within a given area. Local governments have used 
restrictions on the storage or handling of large 
quantities of hazardous materials within a wellhead 
protection area to eliminate the threat of 
contamination. 

Purchase of Property or Development Rights 
(page 26). The purchase of property or develop- 
ment rights is a tool used by some localities to 
ensure complete control of land uses in or sur- 
rounduq a wellhead area. This tool may be 
preferable if regulatory restrictions on land use are 
not politically feasible and the land purchase is 
affordable. 

Public Education (page 29). Public education 
often consists of brochures, pamphlets, or seminars 
designed to present wellhead area problems and 
protection efforts to the public in an 
understandable fashion. This tool promotes the 
use of voluntary protection efforts and builds public 
support for a community’s protection program. 

Ground-Water Monitoring (page 31). Ground- 
water monitoring generally consists of sinking a 
series of test wells and developing an ongoing 
water quality testing program. This tool provides 
for monitoring the quality of the ground-water 
supply or the movement of a contaminant plume. 

Household Hazardous Waste Collection 
(page 32). Residential hazardous waste 
management programs can be designed to reduce 
the quantity of household hazardous waste being 
disposed of improperly. This program has been 
used in localities where municipal landfills 
potentially threaten ground water due to improper 
household waste disposal in the wellhead area. 

Water Conservation (page 34). Water conser- 
vation can encourage individual or commercial/ 
industrial users to limit their water use. This tool 
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may reduce or eliminate contamination of ground- 
water supplies through saltwater intrusion. 

Other Methods (page 35). Many communities 
are using innovative methods that combine 
elements of the previous management tools. Some 
create new management tools of their own. 

Zoning Ordinances 

DESCRIPTION 

Zoning is a tool that traditionally has been 
used to control development in a comprehensive, 
planned manner. A locality might be able to 
modify an existing zoning ordinance, or draft a 
new ordinance, to incorporate wellhead protection 
areas into a comprehensive plan. This section 
describes briefly how zoning has been used and 
then discusses how localities can meet specific 
weilhead area protection needs. 

Zoning consist6 of dividing a municipality into 
districts and applying land-use regulations uniform- 
ly throughout each district. Traditionally, zoning 
has been used to separate incompatible land uses, 
such as residential, commercial, and industrial uses. 
Applied in this manner, zoning both defines what 
kind of general land use can occur within a given 
district and specifies a set of applicable regulations 
for that district. 

Exhibit 3 presents a hypothetical locality with 
a typical zoning ordinance in place. In this ex- 
ample, the zones were not assigned with municipal 
well sites in mind and hence the area surrounding 
the wells was zoned for light industrial use. 
Because this parcel of land has not yet been 
developed, several options for better protection of 
the wellhead area may be available. This same 
exhibit will be modified further in the text to 
illustrate how down-zoning may be applied to the 
community and how overlay zoning may be used 
in the wellhead protection area. 

' 

Zoning has been used as a tool to protect 
wellhead areas from contamination or inadequate 
ground-water recharge in a number of ways, 
depending on the level of development surrounding 
the wellfields. Zoning is useful primarily for 
ditectbg future development in a planned fashion, 
as opposed to changing existing, developed condi- 
tions. Once an area is developed for industrial 
use, it may be diffcdt to re-zone that area for 
commercial or residential use. 

If a wellhead area currently is undeveloped 
and unzoned, the most direct approach for protect- 
ing that area is to zone the area for some use 
more compatible with ground-water protection. 
Many communities have found that uses that are 
compatible with ground-water protection include 
low-density residential use (with limited or 
prohibited septic system use) and open space. 
These uses are generally compatible with wellhead 
protection because they typically do not involve the 
use or transport of large quantities of hazardous 
materials. Also, these uses typically do not create 
large areas of impervious surfaces that might 
hinder ground-water recharge. Other uses, such as 
light industrial activities, might be compatible if 
communities take precautions against the improper 
storage or use of hazardous substances. 

Down-zoning. If a wellhead area is already 
zoned but is not yet developed, the community 
could "down-zone'' that area to a use more 
compatible with ground-water protectios. Down- 
zoning refers to changing an established zone to a 
use that is less intensive (Le., with a lower 
allowable density) than the originally designated 
use. Exhibit 4, for example, illustrates how the 
hypothetical community presented in Exhibit 3 
could down-zone the zones surrounding its wells to 
promote better wellhead protection. In this 
hypothetical example, the town would change the 
light industrial use designation of the zone 
surrounding the well sites to residential use. 

Phase-ins. If a wellhead area is zoned and 
developed in a manner not readily compatible with 
wellhead protection, some protective measures may 
be possible by phasing-in zoning requirements over 
time. If the wellhead area is surrounded by heavy 
industrial plants, for example, a community could 
require that no new industrial plants can locate 
within the wellhead area and that, once their useful 
lives were complete, all existing facilities must be 
shut down and decontaminated. Moreover, existing 
facilities might be barred from expanding their 
operations. Although this approach may take some 
time to be implemented fully, it does allow the use 
of zoning despite existing, incompatible 
development patterns. Other management tools, 
such as source restrictions, can also be phased-in 
to avoid disruptions in developed areas. 

' In addition to these relatively simple zoning 
approaches, a wide variety of more specialized and 
sophisticated zoning methods might also be useful 
for wellhead area protection. As noted above, 
zoning typically involves both designating allowable 
general land uses, such as residential use, and 
further specifying particular regulations, such as 
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EXHIBIT 3 

Locality With 
Typical Zoning Ordinance 

Legend: - r 

Scale: 1 " = 1 mile 
I 0 Municipal Water Supply Well 

Ground-Water Flow 
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EXHIBIT 4 

Zoning Modified to Change From 
Light Industrial to Residential 

Legend: 
7 , I 

I 1 Municipal Water Supply Well 

Ground-Water Flow 
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limiting the use of septic systems. The zoning 
variations presented here either emphasize one 
aspect of this process or combine zoning with other 
land management tools to allow effective wellhead 
area protection. The remainder of this section 
briefly describes these zoning variations and then 
offers some general considerations for the use of 
zoning for wellhead area management and 
protection. 

Large-lot zoning. Large-lot zoning applies to 
residential use zones and requires, for example, 5- 
to 20-acre or larger lot sizes. 'Communities have 
found that such zoning is particularly useful for 
reducing the quantity and impact of septic system 
leachate to a water supply aquifer or for preserv- 
ing open land in order to facilitate aquifer 
recharge. 

Conditional Zoning. Conditional zoning may 
apply within a standard zone or may be used in 
the absence of clearly delineated zones. The idea 
behind this technique is that certain land uses (e.&, 
single family housing) ate allowed while other uses 
(e.& apartment complexes) are allowed only under 
specified conditions (e.&, no multi-famiiy structure 
may use a septic sytsem). 'Ine purpose of this tool 
is to clarify the acceptability of different land uscs 
and to ensure that potentially harmful activities are 
addressed adequately. This tool is probably most 
effective if used in combination with site plan 
review, which is discussed in more detail below. 

Floating Zones. Floating zona are defined by 
specified land conditions and may not necessarily 
be clearly delineated on a zoning map. The 
specified conditions that might bring floating zone 
restrictions into effect might include, for example, 
the presunce of wetlands or a wellhead area. 
Typically, developers must demonstrate either that 
their projects do not lie within an area subject to 
floating zone limits or, if they do, that applicable 
restrictioos are being met by the proposed 
development. Because the burden of proof is on 
the developer, floatiig zones might be a useful 
way to protect wellhead areas without actually 
defining those areas on a map. For example, a 
community could specify that development may not 
o c w  within a five-year time of travel area 
surrounding a well and then require hevclopcrs to 
demonstrate whether they fall into such a zone. 
The use of a site plan revicw in combination with 
a floating zone requirement might help to ensure 
that undesirable activities are not occurring within 
wellhead areas or that adequate precautions are 
being taken. 

Cluster ZOhing and Planned Unit Develop- 
ments (PuDs). Cluster zoning, used primarily to 
control residential development, involves increasing 
densities within sections of a single zone while the 
remaining areas of the zone are left in open space. 
Development that increases the density of the area 
is allowed only if the average density throughout 
the entire zone remains at or below the designated 
density for that zone. For example, as 10% as the 
average density within a zone remains at five units 
per acre, it does not matter whether those units 
are spread evenly throughout the zone or 
"clustered" in a comer of the zone. PUDs are 
essentially cluster zoning developments on a large 
scale. The purpose of both of these methods is to 
increase density while maximidag open space. I 

Incentive or Bonus Zoning. Incentive zoning 
typically is used as a way of promoting the use of 
clustered mncs. Incentive zoning might work by 
allowing 15 houses per acre rather than 10 houses 
per acre (thus producing a five-house bonus for 
thc developer) as long as the developer takes 
actions to protect a wellhead area, such as 
increasbg recharge by m d i  open space. 
This tool can be useful if clustering is not required. 

Overlay Zoning. overlay zoning involves 
taking an existing zoned area and overlaying 
additionally defined zones for environmental or 
other purposes. Overlay zones nced not conform 
to the bouudaries of existing zones. Overlay zoning 
typically is administered by plotting an opaque map 
that deiineates existing zones (eg., residential, 
commercial, industrial) and then using transparent 
maps to delineate the overlay zone itself (e.g., a 
wellhead protection area). This tool may be 
particularly ustful for adopting wellhead protection 
zones and regulations in a municipality that already 
has a standard Zoning ordinance. 

Exhibit 5 illustrates the use of an overlay zone 
for the hypothetical community presented in Exhibit 
3. In this example, the overlay zone is the 
wellhead protection area itself. Only those areas 
actually within the overlay zone become subject to 
special wellhead protection measures. In this case, 
the areas within the wellhead protection area are 
designated as a wellhead area protection district in 
addition to the original designation. Creating a 
wellhead area protection district may involve, for 
example, restricting the use of septic systems or 
requiring lower density residential development. 
One advantage of using an overlay zone is that it 
can target changes to wellhead areas alone and 
allow uses outside the overlay zone to continue. 
Seireral of the land management tools discussed 
below, such as site plan reviews, design and 

, 
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EXHIBIT 5 

Wellhead Protection Overlay Zone Is 
Added to Existing Zoning 

Legend: 
7 I 

@ Municipal Water Supply Well 
Scale: 1" P 1 mile 

Ground-Water Flow 

Overlay District lgwelid 



* 

Page 17 

operating standards, and source prohibitions, might 
be especially effective when applied within wellhead 
area overlay zones. 

CONSIDERATIONS 

Any one.of the above zoning methods may be 
useful in protecting wellhead areas if a community 
already has a zoning ordinance in place or if it is 
seeking the kind of comprehensive land-use 
planning that zoning facilitates. In choosing the 
appropriate approach, a locality should consider its 
own needs and resources carefully and tailor its 

. efforts accordingly (e.g., down-zoning is less 
effective in developed areas). Moreover, regardless 
of the zoning method chosen to protect the 

* wellhead area, several aspects of zoning in general 
should be considered. 

There are a number of other legal issues to 
consider. Be aware that ordinances which are 
unnecessarily restrictive or discriminatory, especidy 
if they exceed local home rule powers, may be 
struck down by the courts. Moreover, stringent 
regulations that cause excessive diminution of 
property values can be deemed a "regulatory 
taking" by the courts, thus necessitating the 
payment of "just compensation" to affected parties. 
One way to prevent litigation is for the local 
government's legal counsel to review regulatory 
programs for unnecessary stringency. 

Zoning should be given some practical 
consideration as well. As noted above, zoning is 
primarily a tool for directing the development of 
land in a desirable manner. If local wellhead areas 
are already largely dtveloped, down-zoning may not 
be the most effective or timely approach for 
protecting the wellhead areas. Nonetheless, down- 
zoning or one or more of the zoning variations 
described above may be useful for the reduction of 
potential contamination threats in already 
developed wellhead protection areas. 

A final aspect of zoning to consider is its 
political feasibility. Although one of the oldest 
and most established land-use tools throughout the 
United States, zoning involves telling people what 
they can and cannot do with their land. Enacting 
a zoning ordinance, therefore, can be politically 
contentious. Moreover, because one political 
benefit that zoning produces is the knowledge that 
land use in a given area will bc stable and 
consistent, changing an existing zoning designation 
may prove to be more contentious than creating 
the zone in the first place. 

ZONING CAN BE AN EFFECTIVE 
WELLHEAD AREA PROTECTION TOOL 

Jefferson County, Wisconsin, enacted a zoning 
ordinance in 197.5 thaf requires a conditional use 
pennit for locating animal feeding operations in 
order to protect neighboring land and water 
qualit): Die ordinance, which employs a com- 
bination of conditional arid floating zoning, 
applies to live stock,^ poultry, and fur famts. 

Tlie objectives of this ordinance are to ensure 
that feeding operations 'are compatible with 
planned land uses, to prevent wastes from 
enlen'ng surface and ground waters, and to 
promote. waste recycling. ?he requirements 
established for approving a conditional use 
include maintaining a nufrient balance an the 
availabie cropland acreage used for manure 
spreading submitting plans, record3 and other 
data; conshucting a manure containment facility; 
and providing evidence of the supervision of 
manure handling and disposal by a qualified 
person. The information and plans required 
must be based on background dota on well water 
and surface water nutrient a n i  colifonn bacteria 
levels, manure application records, crop yielak, 
plant analyses, plow layer and subsoil nutnknts, 
ground-water and surface water reports, and 
records of leases for any rented land subject to 
the manure spreading restictions. 

of minor problems have been 
encountered with this ordinance. For erample, 
the Zoning Administrator3 three-person office 
was swamped with data. Also, small acreage 
feedlot operations on less than 35 acres are not 
included within the ordinance although they are 
responsible for considerable manure disposal 
and water quality problems. Also, existing 
feedlots are not regulated by the ordinance 
although they are responsible for considerable 
manure disposal and water quality problems. 
Moreover, the State of Wisconsin incorporated in 
its W D E S  permit approval process rules and 
requirements that preempt the county's rules yet 
leave a gap it1 coverage. 

Despite these problems, most farmers have been 
willittg to cooperate. The County Zoning 
Administrator is attempting to resolve the 
problems by simplifying and organizing the 
necessary data handling atid analysis. Also, he 
is requesting that small acreage f m n s  be regu- 
lated and that the gap in coserage between the 
State law and the coutitv ordirrance be closed.6 
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Subdivision Ordinances 

DESCRIPTION 

Another tool that local governments might be 
able to adapt for protecting wellhead areas is a 
subdivision ordinance. Like zoning, the authority 
to impose subdivision regulations to control land 
use is delegated by the State to a locality. Unlike 
zoning, however, subdivision regulations apply only 
when land is actually divided for sale or 
development. Subdivision ordinances, therefore, 
are useful primarily for controlling future 
development. Subdivision ordinances also require 
less effort by the municipality, and may be less 
objectionable to town residents, because such 
ordinances typically do not involve the comprehen- 
sive planning and control required by zoning. If 
a comprehensive planning effort is unnecessary or 
infeasible, a subdivision ordinance might be a 
useful tool for controlling development and perhaps 
applying other protective regulations within 
wellhead areas. This section describes how 
subdihion ordinances typically work and how 
communities might adopt subdivision ordinqnces to 
meet local wellhead area protection needs. 

Subdivision ordinances are Ordinances that 
apply when a parcel of land is divided into two or 
more lots for sale or development and are often 
implemented as part of an overall zoning program 
(e.g., in metropolitan areas). The primary purpose 
of subdivision regulation is to control development 
to ensure that growth does not outpace local 
infrastructure (e.g., roads, sc$ools, and fire 
protection). Traditionally, the benefits of sub- 
division ordinances have been their requirements 
for improvements to the infrastructure, reservation 
of land for public parks or schools, and the use of 
design and construction standards. 

Often the only form of land-use control in 
rural areas, subdivision ordinances can be applied 
to a certain size of development (ie., the number 
of the lots being created), or the timing of 
development (Le., all at once versus a small 
number of parcels per year). Moreover, the types 
of requirements made, such as how much land 
must be set aside for open space, and the types of 
exemptions allowed, such as land transfers within 
families, can vary widely depending on what the 
locality's development goals &re. 

As noted above, a subdivision ordinance used 
for wellhead area protection will resemble a zoning 
ordinance in a number of ways. For example, a 
subdivision ordinance will be useful for directing 
the  development of an area but will not be useful 

'for changing existing development patterns. Also 
like zoning, a subdivision ordinance can be tailored 
to apply only in certain areas, buch as wellhead 
areas, and impose basic density or open space 
requirements for the sake of preventing welihead 
area contamination and promoting aquifer recharge. 
Finally, both zoning and subdivision ordinances can 
be combined easily with other, more specialized or 
sophisticated land management tools, such as site 
plan reviews, design and operating standards, or 
source prohibitions, to create effective wellhead 
area protection programs. 

If local wewields are located in an 
undeveloped area that might be subject to future 
subdivision and development, local governments 
might be able to protect wellhead areas effectively 
by using a subdivision ordinance. One approach 
that has been used requires that any subdivision 
occurring within a wellhead protection area follow 
minimum density standards, such as five-acre lots, 4 

or use low leakage sewers and advanced water 
treatment facilities. 

USING SUBDMSION ORDINANCES 
TO PROTEC3 GROUND WATER 

Austin. Texas adoDCed a subdivision ordinance , A  

that recognizes three different zones within the 
city's water supply aquifer recharge areas. Under 
Austin's subdivision ordinance, no development 
is allowed to occur within "critical waer qual@ 

only low densiy residential 
development is allowed within "buffer wtieslr and 
high density development is allowed within 
"upland" wnes.7 

If some degree of development already has 
taken place around a wellhead area, or if a 
hydrogeologic study indicates that the wellhead 
protection area is in danger of being contaminated, 
subdivision ordinances also can be combined with 
source control regulations. For example, a 
community could prohibit the placement of 
hazardous materials storage containers in the 
wellhead area and could also require that any new 
or additional subdivision and development taking 
place in the wellhead areas incorporate appropriate 
design and operating standards. 

In general, the usefulness of a subdivision 
ordinance will depend primarily on the extent of 
development surrounding well sites and whether 
future development will entail the subdivision of 
existing land parcels. With Iittle or no 
development within large parcels of undivided land, 

' 
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a wide variety of subdivision ordinance options 
may be available. Alternatively, if an area is fully 
subdivided into small units, a subdivision ordinance 
will be of limited utility in protecting a wellhead 
area. 

CONSIDERATIONS 

A subdivision ordinance designed for wellhead 
protection will likely be similar to a zoning 
ordinance in that regulations will be applied to 
development activities in limited or specified areas. 
If a communitys primary goal is to ensure only 
that whatever development takes place does not 
threaten wellhead areas, and not to control land 
use outside of wellhead areas, then a subdivision 
Ordinance might be more appropriate than a 
comprehensive zoning ordinance. On the other 
hand, subdivision regulations only apply, by defini- 
tion, when a parcel of land is divided for develop- 
ment purposes. If the concern is to address any 
kind of deveiopment regardless of whether the land 
is actually divided into subunits, then zoning might 
be a mGre effective wellhead area protection tool 
than a subdivision ordinance. Larger metropolitan 
areas often combine subdivision ordipances with 
zoning programs. 

Establishing a subdivision ordinance has legal 
implications for a community. As with zoning, 
subdivision regulations can be challenged in court 
for being discriminatory or exclusionary if they are 
not applied consistently within an area or across 
residential or industrial uses. Moreover, a 
subdivision ordinance that causes a significant 
dimhution of property values might be construed 
as a "regulatory taking" and so require just 
compensation to affected parties. Regulations that 
are especially stringent also might be litigated for 
exceeding the locality's home rule powers, unless 
the locality can demonstrate that the regulation is 
reasonable and necessary to protect the public 
welfare. 

A final aspect of subdivision regulation that 
should be considered is its political feasibility. As 
with zoning, subdivision regulation is a common 
and generally accepted municipal land-use control 
authority. Nonetheless, subdivision ordinances limit 
what land owners can do with their land and so 
can be contentious. Any effort to enact a 
subdivision ordinance could be accompanied by an 
active effort to explain why wellhead areas need 
protection and why the ordinance being proposed 
is appropriate. 

GROWTH hlANAGEMEhT 

A unique approach chat might be useful .5r 
protecting. wellhead areas, if it i s  within an a x a  
that has not yt been developed is growth 
management. A growth management program 
can be implemented using a wning ordinance, 
subdivisiort ordinance, or both. 

Traditionally, growth management regulations 
have been used to ensure that large development 
projects, such as residential developments or 
indusbial parks, do not out-pace the development 
of an adequate infrastructure. Developments 
subject to phased growth requirements, for 
-pie, might be required to llemomtrate that 
ma&, fire protection, water supply facilities, and 
schools either exist already or will be provided as 
p a n  of the development project. The end result 
of this regulatory approach is thar development 
occurs in stable, relatively discrete phases over a 

For a m p l e ,  a local govemment might stipulate 
that development can take place within a 
wellhead area only if a s l i n g  wastewater 

ction and twatment  stem are aa'equate. 
I goventment might stipulate also that no 
al or commercial development can occur 

until secondaryhazardous ma!erialr containments 
are approved or in place. In geneml, the 
program should be designed $0 that development 
occurs in an orderly fashion and only when 
wellhead protection programs are in play.  As 
with many regulato9 controls, local govemments 
may wish to evaluate the potential legal 
implications of a growth management program. 

Site Plan Review 

DESCRIPTION 

The purpose of a site plan review is to 
determine whether a proposed development project 
is compatible with existing land uses in the 
surrounding area and whether the existing or 
planned infrastructure will be able to support the 
new development. Generally, a site plan review is 
required by a local Ordinance, such as a zoning or 
subdivision ordinance, before any construction can 
begin and is reviewed by a local authority, such as 
a town board or planning committee. The plan 
itself might have to respond to numerous, detailed 
specifications, such as design and construction 



standards, or simply might have to meet a general 
condition, such. as a requirement that new 
developments must be compatible with surrounding 
land uses. If the reviewing authority determines 
that the proposed plan represents an incompatible 
use, does not meet required standards, or would 
otherwise overwhelm the infrastructure, then the 
board usually either will reject the plan outright or 
accept the plan upon conditional modifications. 

A site plan review requirement can be an 
exceptionally useful tool for implementing a 
wellhead protection program because it is an 
effective mechanism for reviewing and enforcing 
other requirements. If a site plan review is 
required as part of a zoning or subdivision or- 
dinance, for example, then the site plan review 
becomes the means for ensuring that, before any 
development begins, it will comply with the various 
requirements of that ordinance. Some of the more 
important requirements of the zoning or subdivision 
ordinance, in turn, might be design and operating 
standards or source prohibitions designed to protect 
weUhead areas from contamination (ir adverse 
impacts on ground-water recharge. 

Moreover, the more sophisticated and complex 
a wellhead area protection ordinance is, the more 
useful a comprehensive review process wiU be for 
ensuring that all aspects of the regulations are 
being addressed. This is especially true when site 
plan reviews are required with conditional or 
floating zoning, where various land uses are 
allowed only under specified conditions. 

,CONSIDERATIONS 

Communities have encountered several 
constraints in the use of a site plan review 
requirement for wellhead area protection efforts. 
First, because a site plan review ordinance requires, 
by definition, that plans be submitted for review, 
a locality must have suffiaent administrative 
resources and technical expertise to actually 
perfotm the review. Even though a key advantage 
of a site plan review requirement is that the 
burden of proof is placed on the developer, the 
more technically complex the site plan review 
requirements, the more time and expertise 
reviewers must have. 

A second aspect of the site plan review process 
to consider is that the less precise the requirements 
being reviewed, the more difficult it will be to 
evaluate reviews consistently and the more likely 
it is‘ that requirements will be 

~~ - 

SITE PLAN REVIEWS CAN BE 
USEFUL EVALUATION TOOLS 

Vestal, New York is a mediunt-sized town 
locared in the central part of the State. During 
the late 1970’s slid into the ear& 1980’s, the 
Town Board became concerned about the 
protection of its water suppty aquifer because of 
industrial spills of hazardous materials and the 
town’s growing industrial base. 

In response to these concems, hydrogeologic 
investigations were initiated and, in 1982, an 
Aquifer District Map was completed identifiing 
critical recharge and other sensitive areas that 
requiredprotection. In addition, the Town Board 
passed an ordinance in February 19B 
establishing a site plan review and permitting 
process for new development. 

a special permit for any 
t or changes to existing smctures 

ets or erceeds any of the 
development of real property 

exceeding $50,000 irr 
development cost; (2) any use of property whkh 

of toxic or hazardous 
55 gallons or 500 pounds 

per month; and (3) any 
inig a pennit f tom the New York 
ens of Environmental Conservation. 

The procedure for obtaining a special permit for 
development in the aquifer district requires 
submission of an applicatiori for review by h e  
Town Board. TIte Board with the suppofl of 
the Town Engineering Depamnent, has the final 
authority to grant the pemiit, deny the permit, or 
grant the pemiit with stated conditions. ntis 
gives the Town Board authority to require steps 
to reduce hazards associated with new 
construction and facilities. If the permit is 
granted, the applicant is required to use the best 
available means to prevent contantination of the 
aquger. n i e  Town Board retains the authority 
to require the applicant to improve m’sting 
facilities or construct new ones when a potential 
h m r d  is identified or to keep up with the 
prevailing stae of technologv.8 

s 
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COMBINING ZONING AND SITE 
PLAN REVIEW REQUIREMENTS 

Mount Airy, Maryland, is a sma& primarily 
“l, town west of BaItimore that has been 
experiencing rapid and generally uncontrolled 
development over the past several y e m .  Recent 
hydrogeoIogic studies indicate that additional 
development within Mt. Aily’s wellfield rechaige 
awas, even to densities othenvisepemitted, could 

nte  Council or the Planning Commission mpy 
reject any plans which impose advem or negaaw 
impacts upon the aquifer rechaqp m e  or water 
quaIity. The developer is given the right to a a w t  
plans and re-submit them for review. Plans 
whiclt cause more than a 10 percent &crease i,: 
a site’s rechorge mte are rejected immediately. 
Plans also are rejected for development that 
wouId use enough water io create a water 
demand on the site p a t e r  than the ground-water 
recharge rate. The Town Council and Planning 
Commission also may rejdcr pians based on 
other economic and water quaIity conriderotion9 

challenged in court. In order to facilitate 
evaluation, a community could make requirements 
as spedfic as possible and ensure that the 
requirements address reai threats or problems in 
an appropriate manner. One way to ensure that 
requrrements are specific and appropriate may be 
to combine the site plan review with conditional 
zoning, overlay zoning, design and operating 

’standards, or source prohibitions that are tailored 
specifically for wellhead protection. 

Finally, as with other commonly used land-use 
controls, site plan reviews are more effective for-. 
ensuring that future development takes place in a 
desirable manner rather than changing existing 
conditions. .Nevertheless, site plan reviews might 
be somewhat more acceptable politically than land- 
use controls, such as source prohibitions, in that 
the emphasis of site plan reviews is on promoting 
appropriate development rather than restricting 
certain land-use activities. 

Design Standards 
DESCRIPTION 

Design and operating standards are used to 
regulate the design, construction, and ongoing 
operation of various land-use activities. Tradition- 
ally intended to promote the use of safety features, . 
design and operating standards more recently have 
been used to ensure adequate protection of the 
ewironment. Design standards are requirements 
for physical structures, such as double-walled 
underground storage tanks, while operating 
standards are procedures to pevent poilution, such 
as limits on road saitiag. Local governments have 
UsEd dcsign or operating standards, or both, to 
construct effeaive wellhead area protection efforts. 
This section discusses design standards in more 
detail while the next section presents‘operating 
standards. 

De@ standards typically are applied to new 
build- or structures or to infrastructure items 
such as road and parking lot runoff collection 
systems, stream or ditch channels, and road salt 
storage areas. Activities that might have a 
significant impact on ground water, and so might 
effectively be controlled by design standards, 
include hazardous materials containment structures 
or areas. Other such activities might indude 
surface water runoff collection systems and large 
impervious surfaces, such as parking lots or build- 
ings, that might reduce aquifer recharge. 

Ope example of a design standard that could 
be applied to such activities -is a requirement that 
run-off collection systems for roads and parking 
lots be able to control at least the first inch or 
two of rain water, which typically contains most of 
the contaminants carried away by runoff. A design 
standard also might be applied to hazardous 
materials containment systems requiring a back-up 
containment system or adequate protection from 

. 
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adverse weather to prevent an accidental release of 
materials. Yet another design standard that would 
be useful for ensuring that a wellhead area has 
adequate recharge might be to limit the area of 
impervious surfaces. 

VARIOUS DESIGN STANDARDS 
CAN BE USED TO PROTECT 

GROUND WATER 

In the early 19703, Meridian Township, 
Michigan, experienced a period of rapid growth. 
As a result, residents and various township 
agencies believed that this growth would @ect 
adversely the shallow aquifers which supply the 
township with its potable water supply. Specific 
concem was q m s s e d  regmding development of 
crin'cal arecls necessq for aquifer recharge. 
Based on this concqnt, the township adopted a 
zoning ordinance that established an overlay 
zoning district with land-use 
on types of &dopment 
for storage of hazardous 
design standards and conshucrion restrictions, 
such CLS providing co 
any fill placed in the 

CONSIDERATIONS 

There are a number of considerations to take 
into account in using design standards for 
protecting a wellhead area. First, drafting design 
standards will require some technical expertise. 
State, regional, or local agencies (e.g., public works 
departments) may be able to provide help in 
specifying technical standards and applicable 
designs. Second, if the design standard is a 
performance standard, such as "new development 

I must control adequately runoff into the wellhead 
protection area," the locality should ensure that the 
standard is specifrc enough to allow consistent 
evaluation of a development project. This may 
reduce the Iikelihood of a legal challenge based on 
the arbitrary or excessive use of regulatory 
authority, could reduce the difficulty of making 
compliance determinations, and may result in less 
confusion among affected developers. 

Third, if the design standard is a technical 
standard, such as "hazardous materials storage 
structures must have secondary containment 

:ystems," then the locality may wish to ensure that 
these requirements address genuine threats or 
problems and are appropriate requirements. 
Again, this may reduce the likelihood of a legal 
challenge based on the exercise of unnecessary 
regulatory authority. In either case, combining 
design standards with formal site plan reviews may 
ensure that proposed developments are meeting 
relevant design standards. 

Because the design standard will be developed 
primarily to protect the wellhead area, it should 
be clearly written to apply either within that area 
only or within that area and some expanded 
recharge area in order to avoid unnecessarily 
excessive regulation. For this reason, design 
standards might work well when used as specific 
requirements applied through zoning or subdivision 
ordinances that, in turn, address clearly delineated 
wellhead protection areas. Targeting a design 
standard in this way reduces the administrative 
burden of having to review requirements where 
they are not necessary, reduces the level of 
confusion among affected land users, and might 
reduce the likelihood of a legal challenge. 

Localities may want to determine if potential 
sources of ground-water contamination are already 
regulated under Federal or State regulatory 
programs. For example, Federal design and 
operating standards have been established for 
several sources of contamination, including: 

e Underground storage tanks 
containing petroleum products or 

, hazardous substances; 

Underground injection wells; 

Hazardous waste facilities that 
have waste management units such 
as landfius, container storage areas, 
surface impoundments, or hazar- 
dous waste treatment units; 

Hazardous waste generators; 

Municipal and industrial solid 
waste landfills; 

Wastewater treatment plants: 

PCB storage, treatment, and dis- 
posal facilities; 

Superfund sites (e.g., abandoned 
hazardous waste disposal facilities); 



Facilities managing nuclear 
materials; and 

Surface mines. 

For information on the Federal or State programs 
applicable to these potential sources, contact 
Regional EPA Ground-Water Representatives or 
State ground-water protection agencies (listed in 
Section 5). 

Another factor to consider when drafting a 
design standard is that design standards as a land- 
use tool may not address existing conditions 
effectively because they generally apply only to the 
design and construction of new development 
projects. Nonetheless, design standards may be 
useful for controlling any modifications to existing 
developed areas or other land uses. 

A final consideration with regard to design 
standards concerns coordination with operating 
standards to ensure the continued effectiveness of 
protection efforts. Communities using both types 
of standards have designed both standards at the 
same time to make sure they are compatible. For 
example, an operating standard requiring the 
periodic Zesting of secondary cant-ent systems 
may be useful if such systems are required as a 
design standard. 

Operating Standards 

DESCRIPTION 

An operating standard requirement along with 
a design standard requirement might be a useful 
tool for protecting a wellhead protection area. As 
with design standards, operating standards, such 
as those applied to handlers or transporters of 
toxic chemicals, are designed to ensure the safety 
of workers or other parties. Operating standards 
can ais0 be used to protect the environment by 
preventing or controlling releases of contaminants. 
If wellhead areas arc surrounded by land-use 
practices that involve the storage or use of hazar- 
dous materials, communities may use operating 
standards effectively to protect those wellhead 
areas. 

Operating standards designed to protect 
wellhead areas probably would take the form of 
agricultural or industrial/commercial best manage- 
meat practices. Best management practices 
(BMPs) generally define a set of standard 
operating procedures that can be used in a 
pafticular industry or commercial activity to limit 
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AGRICULTURAL, BMPs C-LY BE 
USED TO PROTECT GROUND FVATE'et 

7he farming and gra:ing area iti tire central 
ponion of Nebraska around Grand Island is 
facing a serious problem of elevated nitrate 
concentrations in the groiind water. 17ie problem 
may stem from overuse of commercial fertilizer. 

In response lo his problem, rlre Central Platte 
Natural Resources District (CPNRD) developed 
a three-phase water protection program. Phase 
I meas are those with ground-water 
concentmtions of ninate less than 12.5 parts per 
million opm), roughly at or below the Marimum 
Contaminant Level (MCL). To protect these 
areas, the use of commercial fertilizers during the 
fa l l  is not allowed on sandy soils. 

Phase 2 areas are those having ground-water 
concentrations of ninate between 12.5 and 20 
ppnt. In addition to complying with Phase I 
requirements, fanners are required to become 
ceajied in the use of commercial fertilizers 
through attendance at a three-hour course. Best 
management practices (BMPs) such as sampling, 

fertilizer minimization are also 

areas are those having ground-watzr 
concentrations of nitrate greater than 20 ppm. 
No areas have yet been designated Phase 3, but 
440,000 acres overlying ground water with nitrate 
concentrations of about 18.5 ppnt may soon be 
placed into the Phase 3 categoy In addition to 
Phase 1 and 2 requirements, Phase 3 areas are 
subject to periodic fertilizerprohibitions and more 
detailed reporting requirements. 

The CPNRD has enloyed support from local 
fanners for these restrictions. 77ie district 
established sirteen demonstration fields titat indi- 
cated that, for every dollar spent on sampling 
and analysis, four dollars are saved it1 fertilizer 
costs. Because the program has been it1 effect 
for only one year, however, actual decreases in 
the nitrale concentrations in the ground water 
have not vet been observed.11 
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the threat to the environment posed by ongoing 
processes, such as pesticide application or the 
management of hazardous substances. Localities 
can either impose mandatory BMPs or request the 
voluntary use of BMPs. Although mandatory 
BMPs are potentially more effective, they require 
enforcement and may raise political and legal 
opposition. Voluntary BMPs, on the other hand, 
may be more politically acceptable but.also may 
require incentives or an educational campaign to 
promote their use. Because the ongoing 
management or use of hazardous substances can 
pose a significant threat to wellhead areas, BMPs 
might be an integral part of a protection program. 

Intensive agricultural practices, where large 
quantities of toxic pesticides, herbicides, and 
fertilizers are applied to the Iand and can infiltrate 
within local wellhead areas, represent one land use 
that might be addressed successfully by BMPs, 
such as integrated pest management. These BMPs 
might also include minimal chemical application, 

. chemical application only during dry periods when 
infiltration is slow, and erosion and sedimentation 
controls. 

Another land use that might threaten wellhead 
protection areas and could be mitigated by operat- 
ing standards or BMPs is activities that require 
the storage or handling of hazardous materials. 
Such activities include dry cleaners, auto service 
stations, industrial plants, trucking and railroad 
facilities, and airports. Standards that might be 
useful for these types of activities might include 
restrictions on hazardous materials storage or dis- 
posal, limits on or collection systems for the use of 
road salts and de-icing chemicals, and requirements 
for periodic testing and system checks. 

EPA and several States have produced a 
number of publications describing the kinds of 
agricultural and industrial/commercial activities 
that might pose a threat to ground water and what 
kinds of BMPs may be used to reduce those 
threats (e.g., CCAMP’s Guide lo Contamination 
Sources for Wellhead Protection, July 1988). As a 
locality develops its wellhead protection program, 
it might review the ongoing- activities within 
wellhead areas, review publications discussing 
contamination threats and appropriate BMPs, and 
devise an operating standard with voluntary or 
mandatory BMPs that could minimize or ejiminate 
potential threats. 

DESIGN AND OPERATING STANDARDS 
CAN COMPLEMENT EACH OTHER 

Renton, Washington, is a small iridustrialized 
city of approximately 35,000 residentr located 
near Seattle. Renton relies on the Cedar River 
aquqe4 which is vulnerable to contamination, 
for approximately 85 percent of its water mpph. 
In 1983, a tanker truck cam,ing hazardous 
material ovemtmed on a road within 100 feet of 
the wehfieid. While this incident did not affect 

on initiated a prograni focusing on 
characterization, con tam in ant 

water contamination in several 
tamination was traced back 
.-age tank and several small 

on, leakr were 

g on land-use controls 
asures‘ Iri addition to 

and regdations for new hazardous waste storage 
facilities, Renton enacted a secondary 
containment ordinance employing two important, 
complementary design and operating standards 
directed at protecting the water quality of the 
welyierd Firsc the ordinance applies stringent 
consmiction standards, including a requirement 
for secoiidary containment stnmrres for new 
facilities that store kamrdoiis material. Second, 
the ordinance applies special monitoring 
standardr for eriSririg facilities, iticlrrding a 
requirement for monitoring wells and water 
testing. As of September 1988, both ordinances 
were awaiting mal approval and have yet to be 
implem en red. l5 

? 

CONSIDERATIONS 

Localities considering the use of an opcrating 
standard requirement might also consider several 
additional aspects of operating standards. First, 
like design standards, drafting of operating 
standards may require considerable technical 
expertise. 
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Second, again like design standards, operating 
standards are most effective when used as part of 
a comprehensive wellhead protection approach that 
is based on zoning or subdivision ordinances and 
combined with site plan reviews. This integrated 
combination of tools is likely to provide a more 
effective program than would be possible with the 
use of a single tool. Operating standards are often 
effectively implemented through by-laws, board of 
health regulations, or performance standards. 

Useful operating standards might follow 
directly from development projects that incorporate 
design standards, such as secondary containment 
systems, that might require periodic testing and 
replacement. Design and operating standards can 
complement each other and each should be 
designed with the other in mind. 

Source Prohibitions 

DESCR)P"ION 

Source prohibitions, where the storage or use 
of dangerous materials is prohibited from a defined 
area, have become a common method for. 
protecting human health and the environment. 
For example, hazardous chemicals that are highly 
volatile, caustic, or toxic often are prohibited from 
use or storage in large quantities in residential 
areas. Many localities also are now prohibiting 
the storage or handling of hazardous materials 
where the release of those chemicals could pose a 
threat to surface or ground-water supplies. Where 
a wellhead area is sufficiently vulnerable so that 
design and operating standards would not be fully 
protective, or where there is no development in the 
wellhead area, source prohibitions have been shown 
to be a useful wellhead protection tool. 

Source prohibition regulations generally take 
the form of either prohibitions against certain kinds 
of activities that typically require the use of 
hazardous materials or restrictions on the use of 
s p & c  hazardous materials. Activities that typi- 
cally involve the use of hazardous materials and so 
might be prohibited within the wellhead protection 
area include: 

I 

Agriculture; 
0 Junk yards; 

Machine shops; 
Landfills; and 

0 Septic' systems. 

Communities can refer to the list of sources that 
'commonly pose a threat to ground water presented 

SOURCE PROHIBITIONS OFTEN ARE 
APPLIED WITHIN A ZONING 

FRAMEWORK 

In  the early 196O's, Brookings, South Dakota, 
with a population of about 15,000, bccmne 
concerned about increasing nitrate levels 
discovered in private wells. A study undertalcen 
to identifr potential sources of contamination 
determined thd the aquifer was susceptible to 
agn'culturai and industrial pollution. In 1984, a 
warehouse storing over 100,000 pounds of 
pesticides and herbicides caught fire, the 
chemicals mired with water, and threatened 
nearby streams and ponds. EPA designated the 
area around the warehouse as a Superfund site, 
and cleanup measures were implemented that 
saved the aquifer from severe contamination. 

ts, the Town Commis- 
sion current& is implementing a series of 

warehouses that store fertilzem and pesticides 
for farming. In 1985, Iiydrogeotogk studies were 
completed, and an Aquifer Critical Impact Zone 
war established. wilhin this zone, the Hazurdous 
Material Ordinance prohibits the manufacturing, 
storage, sale, or use of hazardous maten'als. h i  
addition, all industries within this zone must 
report the cltenticak that they use, including a 
map of where the chemicals are stored.13 

in Section 2 of this document (exhibit 2), from 
which the above list was drawn, to determine 
whether any of these activities may be allowed 
within wellhead areas. Specific hazardous materials 
that might be prohibited within the wellhead area 
include: 

, Heavy metals; 
Solvents; 
Petroleum products; and 
Radioactive materials. 

The list in Exhibit 2 is not exhaustive and, although 
several sources were noted, many activities might 
use or produce these kinds of substances. 
Handbooks and guidance from EPA, States, and 
regional agencies may help determine the kinds of 
materials localities might consider restricting in 
mellhead areas. 
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CONSIDERATIONS 

While source prohibitions are highly effective 
for removing a Contamination threat, they are also 
stringent regulations. BefQre source prohibitions 
are established, therefore, localities might want to 
perform initial hydrogeologic studies in order to 
determine whether aquifers are vulaerable to 
contamination. This is especially true if sources 
subject to prohibition already exist within the 
wellhead protection area. 

One way to mitigate the adverse impacts of 
source prohibitions is to phase-in the requirements 
over time. In dealing with underground storage 
tanks, for example, communities could ban the 
placement of new tanks within the wellhead 
protection area while not requiring that existing 
tanks be removed immediately. Replacement of 
existing tanks at the end of their service lives could 
be prohibited. This phascd approach limits the 
economic impact of the prohibition. 

Fw, while source prohibitions will work by 
themselves, they probably are most effective when 
used as part of a comprehensive program an'd are 
applied, for example, only in the most vulnerable 
artas of the wellhead protection area. 

Purchase of Property or 
Development Rights 

DESCRIPI'ION 

Meaningful protection of . ground-water 
iesources requires control Over activities on iands 
that feed water to an aquifer. Wellhead protection 
areas can encompass large amounts of land (e.g., 
a protection area with a radius of two miles around 
a well is over 8,000 acres). The surcst method for 
a community to establish control over a parcel of 
land is through purchase of the property. 
Ownership of land can be thought of as a "bundle 
of rights," including surface use rights, mineral 
rights, air rights, and the rqht to control access to 
the land. In seeking to acquire land, local 
governments may target the entire bundle of rights 
(full or "fee simple" title) or a more limited set of 
rights (partial interests). The choice depends on 
practical factors, such as the p u p  of the 
acquisition and local finanad resources. 

Whatever the type of property interest to be 
acquired, local government offiaals have two basic 
means of acquiring land 

SOURCE PROHIBITIONS As 
PART OF A COMPREHENSIVE 

PROGRAM 

Nassau and Sutrolk Counties, Kew Fork, have 
been innovators in the development of ground- 
water protection programs. This interest and 
activity has largely been in response to 
contamination associated with urbanization and 
agriculture. Pottions of the multi-layered aquifers 
underiving Long hiand, where both Nassau and 
Suffolk Cotuities are located, are contaminated 
and can no longer bc used as potable water 
supplies. 

Effom in these counties to protect ground water 
focus on two primary objectives: (1) measures 
that prevent Potential pollution in those areas 
where ground water meets drinking water 
standards, and (2) measures that promote water 
collservafion and maximize high quality rechruge 
in areas which are critical !o aquifer 

establirhrnent or eppiMsion of toxic materia& 
storage ih recharge amas suppt'yng deep aquvem. 
Edsting focilities that store more than 2SOgallons 
of tm'c matetiul can remain, but may not 
increase in size. 

Other coram1 m e m u m  implemented by 
municipalities and the counties and aimed at 
maintaining ground-ivater quality, include sitc 
plan review and approval processes for new 
commexial and residential developments, 
prohibited uses and perfomtarice standarb for 
commercial and inabsmal activities, and 
regulations goveming the consmction and 
operation of residential on-site wastewater 
system.I4 

0 Undertake negotiations with a 
willing seller; or 

0 Exercise the right of eminent 
domain and condemn the property. 

Voluntary negotiations avoid the time and legal 
cxpense associated with condemnation proceedings. 
In addition, condemnation can involve significant 
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controversy that can undermine political support 
for public land acquisition. 

Acquisition of fee simple interests. As a fee 
simple owner, a local government has the fullest 
measure of control over land uses. The community 
can benefit by establishing parkland, recreation 
facilities, or other community-oriented land uses. 
The property can also be set aside for resource 
conservation purposes, with public access restricted 
to a greater or lesser degree depending on the 
impact of human activities on the resources to be 
protected. Numerous communities around the 
country, for example, have acquired lands identified 
as pitical for water supply protection purposes, 
including Manchester, New Hampshire; 
Schenectady, New York; and Montgomery County, 
Pennsylvania. 

 isitio it ion of partial interests. Short of 
purchasing land outright, localities may be able to 
protect ground-water resources by purchasing 
partial interests in properties located in wellhead 
protection areas. Acquisition, of partial interests 
typically takes one of two forms -- acquisition of 
conservation easements (sometimes referred to as 
"purchase of development rights") and restrictive 
covenants. While partial interests do not convey 
total control over a parcel of land, there are 
certain advantages over fee simple interest: 

The community is not burdened 
with maintaining the property; 

The property remains on the tax 
rok ,  and 

0 

0 

0 Lower costs allows the community 
to obtain interest in more parcels. 

Conservation easements are a form of "neg- 
ative easement," so called because they convey to 
the easement holder the right to prevent a 
landowner from taking specified actions on the 
property covered by the easement. Negative 
easements are highly flexible legal instruments that 
can be used to protect a wide variety of resources, 
including ground water, while permitting land- 
owners to continue many productive uses of their 
land: An easement used for wellhead protection 
must be carefully crafted to ensure that the 
restrictions embodied in the easement control 
surface land uses that will threaten ground-water 
resources. The specific restrictions embodied in 
an easement might prohibit certain kinds or den- 
sities of development altogether (e.g., by permitting 
only open space land uses such as agriculture and 
forestry) or prohibit or limit certain threatening 

PURCHASE OF PROPERTI' ALLOW!, 
THE DIRECT COhTROL OF 

WELLHEAD AREAS 

East Orange, New Jersey, is located Ul the 
nonficm pan of the State in a region tlzm tias 
q e n e n c c d  ertcnsire ground-water contamina- 
tion. T i e  city depends on ground uater for all 
of its dnnking water needs. 

The cq ' s  welljields were fvst established in 1901. 
Several years later, a farmer took the city to court 
over the depletion of the water table under his 
properr)? In the Mceker \'T, Citv of East Orange 
case, the cow ruled that the city must maintain 
the water level of propem'es adjacent to the 
wellfields.* The city decided that the most 
economical approach was to buy the adjacent 
propenres and began activeiy purchasing property 
around its wellfieldr. This practice continued for 
many years before the city realized that 
purchasingpoperty would also prolect the quality 
of the city's drinking water. 

Curenfly, East Orange owns apprarimately 2,300 
acre3 (roughly 3.6 square miles) sun~unding its 
wellfields. The on& constmction ttie city has 
allowed in this area has occurred in the rights- 
of-way for utili@ companies and sewer authorities 
and the construction of several small roads and 
one major highway. The city is hying to 
purchase more land but has been limited in this 
effort by increasing propeny values. 

?he East Orange Water Department believes that 
this progrant has been relatively successfir1 iti 
protecting the quality of its water supply. 
Currently, the wellfields are being affected by 
regional contamination, but to a much lesser 
merit thaii neighboring municipalities. nie  wells 
that are most aflected are those nearest the 
boundaries of the wellJield property, Some of 
these are contaminated with industrial solvents. 
The wells that are in the center of the protected 
field however, are still producing high quaiity 
drinking water.15 

human activities such as the use of hazardous 
materials or septic systems for sewage disposal. 
Easements apply to all subsequent landowners for 
the full term of the easement, which may be a 
finite number of ycars or forever. 

Similar to easements, restrictive covenants 
attach to the property and apply to subsequent 
landowners. Whereas easements are held by 



another party, who can enforce their restrictions, 
restrictive covenants can only be enforced by other 
property owners similarly restricted. A local 
planning board may require a restrictive covenant 
that limits paved surfaces or home businesses as a 
condition of granting site plan approval for a 
proposed subdivision. Alternatively, a locality 
might acquire a parcel outright, place restrictive 
covenants on the title limiting future development 
rights, for instance, and then sell the deed- 
restricted property back to a private party. How- 
ever such restrictions are implemented, they can 
be used to prohibit specific land uses, densities, or 
threatening activities in wellhead protection areas. 

CONSIDERATIONS 

While it protects wellhead and recharge areas, 
acquisition is also costly for local governments. 
Several strategies are available in seeking to control 
the cost of acquiring aquifer protection lands: 

Prioritizing the lands to be ac- 
quired; 

Carefully targeting the interest to 
be acquired; and 

Emphasizing donations and bar- 
gain sales of interests where 
possible, 

Communities can prioritize the lands to be 
acquired by carefully evaluating the recharge 
capabilities of specific parcels as well as existing 
land uses and development trends. Land with 
permeable soils in relatively close proximity to a 
shallow well might, for example, receive higher 
acquisition priority than less permeable land. The 
extent and pattern of existing development in a 
wellhead protection area directly affects both the 
price of land and the degree to which the 
acquisition of remaining undeveloped properties 
can protect wells from contamination. Property 
that is zoned industrial and faces imminent 
development could pose a threat to the integrity 
of ground-water resources, unless development 
pressures are removed through public land 
acquisition. In rural areas, where no such threat 
is apparent, land-use regulations will probably 
provide adequate resource protection. Localities 
may want to monitor development and land price 
trends carefully, however, since growing 
development pressures will increase property values 
and the resulting cost of acquisition. 

to be acquired. On any given parcel, acquisition 
of fee simple rights will be more expensive than 
acquisition of partial interests, iuch as a conserva- 
tion easement. In general, the more restrictive 
the easement in terms of allowable land uses and 
other surface and subsurface activities (such as 
septic tank use and handling of hazardous 
materials), the more the cost of an easement 
approaches the cost of purchasing the property 
outright. In choosing which type of real property 
interest to acquire in a given area, localities could 
consider the physical properties of the parcel (Le., 
how much control over land use and surface 
activities is necessary to prevent wellhead con- 
tamination) as well as the interests of the private 
landowner. A two-tiered approach may be ap- 
propriate: .full fee acquisition of parcels critical 
for wellhead protection, and partial interest ac- 
quisition on less critical parcels. The attitude of 
landowners toward easements and other partial 
interests will influence priorities as well; some 
owners will resist negotiating the acquisition of an 
easement, desiring to own their land outright or 
not at all. 

STATES MAY HAVE FUNDS AVAlLABLE 
FOR PURCHASING PROPERTY RIGHTS 

of weilhead protection 

Massachusetts’ Aquifer Land 
Acquisition Program provides funds 
for the purchase of critical aqirife 
protection lands. 

It1 New York, revenue borids for 
ltazardous waste protectiori cati be 
used for purchase of aquifer 
protection lands. 

In Vermont, revenues raised through 
a State-imposed real estate transfer 
tax are available for purchasing 
aquuifer protection lands. 

California authorizes water disrricts 
to establisli fees for withdrawal of 
ground water. 

Localities can mitigate the high cost of land 
acquisition by targeting the real property interests 
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Localities can also control acquisition costs by 
attempting to negotiate donatiogs and “bargain 
sales” (purchase at less than full market value) by 
private landowners. Motivated by charitable, 
community-minded instincts, which are reinforced 
by the Federal and State income and estate tax 
benefits that can be derived from such transactions, 
landowners may be willing to forgo full 
compensation. 

Because few communities will be able to 
negotiate donations of all the land necessary to 
protect their wellhead and aquifer recharge areas, 
it may be necessary to frnd monies sufficient to 
meet the residual acquisition costs. While it is 
beyond the scope of this document to discuss in 
detail all resources available to local governments, 
several of the most significant include: 

Inaeases in water and sewer rates 
and fees; 

Inaeases in local pioperty or 
property transfer taxes; and 

Municipal bonds. 

Public Education 
DESCRIPTION 

Many communities around the country have 
developed innovative public education programs on 
ground-water protection topics. The purpose of 
these public education efforts has been to build 
support for regulatory programs, such as controls 
on pollution sources in special zoning districts, and 
to implement voluntary ground-water protection 
efforts, such as water conservation, used oil collec- 
tion, and household hazardous waste management. 

There are several public education approaches 
localities could take: 

Distributing press releases to 
newspapers and radio stations; . 

Arranging press conferences on 
ground-water protection topics for 
local radio stations, newspapers, 
and television stations; 

Distributing ground-water protec- 
tion information in local govern- 
ment newsletters; 

~ 

COMPLEMENTING GROUND-WATER 
PROTECTION WITH PUBLIC 

E DUCATION 

Renton, Washington, is developing a public 
education program to complement its ground- 
water protection program. Renton has developed 
a pamphlet discussing the importance of ground- 
water protection. n e  pamphlet includes a lisr 
of do’s and dott’ts for haidling hazardous 
materials. In addition, the city plans public 
meetings and workshops to increase public 
awareness and interesr in protecting Reoton’s 
water supply The city’s education efforts are 
targeled to individual homeowners, emphasize 
the need for ground-water protection, and eqlain 
methods for preventing contamination from 
improper use of household hazardous 
materials.16 

Developing slide shows or video 
tapes on ground-water protection 
for distribution to local schools 
and community organizations; 

Establisbmg voluntary committees 
to assist local agencies implement 
public education and ground-water 
protection programs; 

Providing speakers on ground- 
water protection to local groups; 
and 

Developing brochures on ground- 
water protection to include in 
water or tax bills. 

CONSIDERATlONS 

The content of public education materials will 
depend on local conditions and the target audience. 
Localities may wish to target specific groups, such 
as farmers or local gas station owners, or develop 
a community-wide education program. Information 
could include: 

.Explanations of the effect of 
ground-water quality on public 

8 health; 

Methods for preventing ground- 
water contamination by businesses 
and homeowners (e.g., proper 
hazardous waste disposal, mini- 
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mizing pesticide application, and 
efficient fertilizer use); 

Water conservation techniques in 
agricultural, residential, and busi- 
ness settings; and 

Water purification technoIogies.17 

PUBLIC EDUCATION AS A PRINCIPAL 

PROTECTION 

Springfield, Missouri, is locared in the 
southwestem pcnt of Missouri and has a popula- 
tion of approximately 130,000. The city is 
dependent on both surface and ground water for 
its drinking supply. In response to a proposed 
housing development on the shore of one of the 
city's reservoirs, a task force was developed to 
M o m  hydrogeologic studies, identij'j critical 
areas for aquifer recharge, make recommenda- 
tions regording land-use controls, and review 
planning and wning proposals. In response to 
the tark force3 recommendations, a Watenhed 
Committee was established in 1985 to continue 
the efiorls initiated by the task force. 

One of the the Watershed 
Committee which consists of both public officials 
and private citizens appointed by the City 
Manager and the City Utility Gerterd Manager, 
is the development and implementation of a 
community education program. The ehcation 
p r o g "  has been in place since 1985 arid 
includes a newsletter that keeps the public up- 
redote on issues conceming municipal water 
supplies. In formation is provided for the 
homeowner coticemirig household activiries and 
their effects 011 water quality. In addition, at1 
annual conference is held for the geneml public 
feanuing State and local orgatrizations. l7ie 
conference covers topics conceming public 
drinking supplies and what individual home- 
owners can do to help avoid potential con- 
tamination problems. The committee also makes 
available a slide presentation conceming the 
protection of pitblic water supplies, with emphasis 
on idenrifjng potential sources of contamination 
and discussions on ways in which these can be 
avoided This slide presentation is made 
available to high schools, civic groups, arid other 
interested groups and organizations.18 

COMPONENT OF GROUND-WATER 

One common approach many communities 
have adopted to develop and implement their 
ground-water protection and public education 
programs has been local advisory committees, 
composed of representatives of local businesses, 
interest groups, the public, elected officials, and 
local or State government agencies. 

Although advisory committees can play a useful 
role in local ground-water protection education 
efforts, localities may wish to focus committee 
efforts by placing limits on the role and life of the 
committee, assigning deadlines for developing 
recommendations, and selecting members 
responsive to local priorities. 

In addition, public education programs in 
general will require time and resources to be 
effective. Messages on ground-water protection 
topics may need to be repeated periodically to keep 
issues before the public. Moreover, staff time and 
funds must be expended to develop public 
education programs, such as writing newsletter 
articles or developing slide shows. 

Local communities could implement innovative 
public education programs in combination with any 
of the tools presented in this handbook. Zoning 
changes or land purchase programs could be 
highlighted in locally-distributed publications. 
Similarly, brochures explaining source prohibitions 
and operating standards could be distributed to 
businesses and residents within wellhead protection 
areas. 

Ground-Water Monitoring 

DESCRIPTION 

Some localities have established ground-water 
monitoring programs to assess the quality of local 
aquifers. Typically, a ground-water monitoring 
program consists of a regular program of sampling 
public and private wells for selected contaminants 
(e.g., nitrates or pesticides). The ground-water 
monitoring program can be confined to a limited 
area, such as a wellhead protection area, or to a 
broad geographic region, such as an entire county. 

Localities may accomplish several objectives by 
implementing * a ground-water monitoring program: 

To mcasure the effectiveness of 
source controls (such as limitations 
on underground storage tanks); 
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To measure compliance with 
drinking water standards (e.g., 
Federal or State Maximum Con- 
taminant Levels (MCLs)); or 

To provide advance warning of 
contaminants in ground water that 
may threaten to infiltrate drinking- 
water we4. 

Ground-water monitoring programs are designed 
to measure contamination in aquifers, not to 
prevent or clean up contamination. Localities may 
combine ground-water monitoring programs to 
identify problems and then implement prevention 
or cleanup approaches to solve or prevent future 
problems. 

CONSIDERATIONS 

Water utilities monitor public drinking water 
supplies at the tap for compliance with drinking 
water standards (e.g., MCLs). In addition, owners 
or operators of hazardous waste facilities, such as 
landfills or surface impoundments, are required by 
law to monitor ground-water near their facilities to 
detect potential contamination. Most localities, 
however, do not conduct their own ongoing ground- 
water monitoring programs because monitoring 
programs require technical expertise, access to 
analytical testing laboratories, and sufficient 
resources to pay for monitoring costs incurred in 
WeU-drilIing sampling and testing. 

USING MONITORING TO FOCUS 
GROUND-WATER MANAGEMENT 

77tc Orange County Water District, California, 
located south of Los Angeles, is heavijy 
industrialized and densely populated, with 
approxhately 1.7 million people. About 70 
percent of the Dism’ct’s water is suppiied by 
ground water from locat aquifers. Established 
to manage the county’s ground-water resources, 
the Water. Disbict developed a water qual@ 
policy focusing on ground-water monitoring and 
treatment 

Gmendy, the District has implemented an 
extensive water qualip monitoring program and 
liar initiated several srudies to assess the qualiry 
of the coung‘s ground water, As a result of 
these effom, seveml areas have recently been 

Some localities contract with State or Federal 
agenaes, such as State geologic agencies or the 
U.S. Geological Survey (USGS), to conduct 
ground-water monitoring of local wells. Localities 
may wish to consider the following issues: 

What is the scope of the program? 
Determine the extent of the 
problem and design the ground- 
water monitoring program to meet 
specific needs. Is the community 
concerned, for instance, about 
ground-water quaiity in the entire 
community or in a concentrated 
area? What contaminants threaten 
the aquifer? 

Can the locality take advantage of 
existing data? State and regional 
agencies may have water quality 
data from wells in the area. 
Similarly, well-drilling firms are 
often required to test the water 
quality of new private wells and 

0 

0 

may file that information with local 
or regional agencies. 

e What is the best sampling 
program? A locality may need to 
determine the geographic area for 
sampling, the frequency of sam- 
pling, the constituents to be tested 
(Le., the specific chemical tests 
needed), and sampling techniques 
(e.g., protocols established by EPA 
or the USGS). Will the program 
include new monitoring wells? 
Will private well owners be 
required to submit samples or 
conduct tests? 

0 Will the program be feasible and 
atTordable? Ground-water moni- 
toring programs, especially for 
organic chemicals such as 
pesticides, can be expensive for 
small communities to conduct. 
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Sophisticated testing equipment is 
rarely available in the community. 
Outside analytical laboratories may 
be expensive. In addition, 
hydrological consulting expertise 
and drilling new monitoring wells 
can be costly. 

~~ 

MONlTORING TO IDENTIFY 
PROBLEM AREAS 

Wilton, Connecticut, is a small, mainly residen- 
tial town with a populatiori of apprarimately 
lZ000. The town is dependent largely on ground 
water for its, dnirking water. Wlton has been 
running a monitoring program for nearly ten 
years. 77th program, managed by the Town's 
Conservation Commission, is a surface and 
pund-water sampling effort that is town-wide in 
scope. Through this monitoring program, several 
specific probletfi areas have been identified. For 
euunple, one neighbornood was discovered with 
high sodium concentrations and public water was 
suppled to these residents. The Conservafion 
Commirsion also is concerned about the 
potential for contamination from leaking 
underground stomge tanks, but has not found any 
hydrocarbons in monitoring welk to date. 
Nonetheless, the monitoring program serves, in 
geneml, as a means to assess the water quality 
of the aquifers and to identi& specijic problems. 

In addition to this nionitoring program, the 
Witon Town Planning and Zoning Commission 
responded to new development mid the proposed 
consttuction of a highway by passing a 
comprehensive Aqurifer Protection Ordinance, 
establishing an aquifer protection district, and 
adapting eristing regulations to protect the 
stratified drift aquifer sening as the town's water 
supply. The Aquifer Protection Ordinance 
prohibits certain land uses, such as the handling 
and storage of certain hazardous niaterials, and 
requires a special pennit lo be approved by the 
Commission for other uses, such as dry cleaning 
establishments. In order to apply for a pennit, 
the applicant must submit a Iiy&ogeologic impact 
assessment to the Commission for review and 
approval. Altlioicgh this Aquifer Protection 
Ordinance and the monitoring program both 
serve to protect ground waler, they are not tied 
rfirectly to one atiother.20 

L 

'Household Hazardous 
Waste Collection 

DESCRIPTION 

Household hazardous wastes are a potential 
source of contamination of local ground-water 
supplies. Common household wastes include: 

Pesticides; 
Solvents; 
Herbicides; 
Septic system chemicals; 
Pool chemicals; 

0 Paints; and 
Art supplies. 

Homeowners may dispose of hazardous wastes in 
regular trash pickups or into sewers or septic 
systems. These wastes may also be discarded in a 
local 1andfi.U or in illegal roadside trash dumps. 
Hazardous wastes may then leak into local ground- 
water aquifers and contaminate drinking water 
supplies. Wastes discharged into sewers or septic 
systems may also be introduced into aquifers. 

One innovative method that several 
communities have used to alleviate the threat of 
contamination from these sources has been to hold 
hazardous waste collection days. Marion County, 
Indiana, for example, conducted a "Tox-Away Day 
in 1985 that took in over 6,500 containers of 
wastes.21 On specified days, a locality could 
receive hazardous wastes from homeowners at a 
central location and dispose. of the wastes through 
a licensed hazardous waste disposal firm. 
Hazardous waste collection days provide a means 
for people to safely dispose of hazardous wastes 
and reduce the amount cf wastes that will be 
disposed in landfills and wastewater disposal 
systems and threaten aquifers. Collection days 
have been successful in several communities by 
collecting wastes and alerting people to the dangers 
of disposing hazardous wastes with household trash 
or in wastewater systems. Since 1983, several 
communities on the Cape Cod, Massachusetts, 
peninsula have participated in successful household 
hazardous waste collection days, with average 
quantities of 6,000 gallons of hazardous wastes 
collected annually.22 

CONSIDERATIONS 

Hazardous waste collection days, however, can 
be costly and may entail some legal liability for 
the cost of cleanups. A community will spend 
time and money organizing the collection day, 

1, 
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providing staff to handle wastes, and hiring a 
hazardous wqste management firm to transport 
and dispose the wastes because 'the locality could 
be legally liable for cleanup costs should the 
disposal contractor fail to adequately treat or 
dispose of the wastes. 

DEVELOPMENT OF A HOUSEHOLD 
HAZARDOUS WASTE; COLLECTION 

adopted successful household hazardous waste 
programs to prevent ground-water 
contamination.23 

Communities experienced in conducting hazar- 
dous waste collection days have found that careful 
planning is required to ensure success:24 

Publicity. Interest groups and 
individuals sbould be encouraged 
to participate in publicizing and 
organizing the collection day. The 
public needs advance notice of the 
date, location, and purpose of the 
collection. Requirements for 
packaging wastes or limits on 
wastes (e.g., no more than, 5 
pounds per person) may be in- 
cluded in publicity materials. 

Location. The collection point 
should be accessible, have suffi- 
cient parking space, and provide 

adequate cover from rain. 
Advance arrangements may be 
necessary if a privately-owned 
location is used. 

0 Disposal. Contractual arrange- 
ments must be made with a 
hazardous waste management fm 
to collect the wastes from the site 
and transport the wastes to a 
treatment or disposal site. 

Financing. The costs of publicity, 
staffmg, and waste disposal may 
be si&icant. 

0 

Household hazardous waste collection programs 
may be usefid in areas where hazardous substances 
threaten to contamipate aquifers through septic 
systems, sewers, or landfii. Collection programs 
may only collect small amounts of wastes but, in 
combination with other innovative wellhead 
protection tools, such as public education programs, 
may increase public awareness of ground-water 
issues and reduce the potential for contamination 
of aquifers. 

, 

Water Conservation 

DESCRIPTION 

Water conservation can help a community in 
two ways: by reducing the total quantity of water 
withdrawn from ground-water aquifers and by 
protecting against contamination from saltwater 
intrusion or other contamination by reducing the 
rate at which contamination spreads in the aquifer. 
If a community is located near the ocean and relies 
on ground water, excessive withdrawals of water 
from the aquifer may draw saltwater into the 
aquifer and contaminate wells with brackish, 
updrinkable water. Saltwater intrusion is a ' 

potential problem in many communities with brine 
aquifers as well as in coastal areas throughout the 
country. Jackson County, Mississippi, for example, 
is experiencing growing problems with saltwater 
intrusion and is exploring alternative water supply 
sources. 

One method for addressing present or future 
problems with saltwater intrusion or aquifer 
contamination may be to encourage water conser- 
vation. Conservation may allow localities to reduce 
withdrawals from wells close to the ocean brine 
aquifers or contaminated plumes and thus delay or 
prevent contamination of water sources. Many 
communities around the country already encourage 



voluntary water conservation and have mandatory 
conservation programs during times of drought. 
See Section 5 for sources of information on specific 
methods for implementing water conservation in 
the community. 

WITHDRAWAL LUlITATIONS 
PROMOTE WATER CONSERVATION 

Water usage in Nassau County, which is located 
on Long Island, New Yo* is regulated by 
withdrawal caps that impose strict pumping 
limitations on 
overpumping an water supplies from 
saltwater inmsion. These capping limitations 
were imposed by the New York State D e p m e n t  
of Environmental Conservation (DEC) under the 

addition, individual water suppliers, such (LS 

CONSIDERATIONS 

Communities have found that water users in a 
community can be persuaded or compelled to 
increase their water consewation efforts. 
Persuading people to voluntarily comply (e.g., by 
reducing lawn watering or installing efficient 
irrigation equipment) requires spending 
considerable time educating water users on the 
need to conserve and the results are often short- 
lived. Some steps localities have taken to initiate 
a water conservation effort include: 

0 Educating the pubtic, elected offi- 
cials, and the press in the area to 
gain wide support; 

Enlisting citizens carly -- 
establishing a citizen advisory 
committee or task force with links. 
to major water users (e.g., 
homeowner's associations, farmer's 
groups, environmental groups, local 
chambers of commerce); 

0 Seeking support from other public 
agencies -- Federd, State, county, 
or other local government offices 
in the area may provide advice, 
assistance, or other support; 

Starting small and expanding over 
time -- building on successes and 
learn from failures; and 

Encouraging voluntary conservation 
efforts now to prevent mandatory 
requirements later. 

0 

Localities may run into obstacles in 
implementing conservation programs. It takes time 
for people to change their habits and to install 
water-efficient fixtures. Changes may occur slowly 
over time, except in times of severe drought. In 
Marin County, California, for example, the 1977 
drought caused local water users to cut back 
drastically their use of water. Water users may 
have to be reminded periodically of conservation 
requirements (e.g., through annual mailings in 
water bills). 

Legal obstacles may also cause certain water 
users, such as farmers, to resist voluntary conser- 
vation efforts, especially in Western and South- 
western States reliant on ground water for irriga- 
tion. Water laws in many of these States provide 
that the right to ground water depends on past 
uses of the water. By adopting conservation 
measures, irrigators use less water and face the 
potential risk of losing their legal right to their 
previous ground-water withdrawals. As a result, 
Conservation poses a "use it or lose it" ddemma 
for some irrigators. Communities have overcome 
this sort of reluctance by offering property tax 
incentives or other innovative inducements to 
reduce usage. 

Other Methods 

Many communities have found innovative ways 
to apply common land-use controls and regulatory 
took, such as zoning and design standards, to meet 
unique local ground-water protection needs. By 
assessing local ground-water problems and tailoring 
the wellhead protection program to meet those 
needs, localities may successfully prevent future 
ground-water contamination. Because communities 
face different ground-water problems, no single 
wellhead protection tool or combination of tools 
can be prescribed as best for all communities. 



Sometimes, a relatively simple approach will 
work. In an agricuitural area, for example, where 
the only threat to ground water comes ‘from 
livestock operations, a single tool, such as operat- 
ing standards for animal feedlots, may be sufficient 
to protect a wellhead area. Similarly, in an 
undeveloped wellhead protection area with affor- 
dable land prices, a program of land acquisition 
may be the most effective means of ensuring the 
quality of the ground water. 

In other situations, a more complex program 
may be needed. For example, a community could 
create a wellhead protection district as an overlay 
zone to existing zoning areas. Within the overlay 
zone, new septic systems could be prohibited and 
new construction could be subject to individual 
site-plan reviews. Or, if the community is con- 
cerned about potential leaks from underground 
storage tanks, it could assist State agencies with 
enforcement of tank regulations by mobilizing 
community resources, such as volunteers, to 
inventory tanks and report suspected leaks. 

Similarly, the locality could develop effective 
public education programs to encourage ground- 
water protection in the community through best 
management practices, for example, or water 
conservation. All it takes to get started is an 
understanding of local hydrogeologic conditions, a 
familiarity with the appropriate wellhead protection 
tools, and the motivation to protect the wellhead 
area. 

Because the list of tools presented in this 
document is not comprehensive, other tools may 
be more appropriate for a community. For more 
information, contact EPA, the State ground-water 
protection agency, or check the references listed in 
Section 5. 
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IMPLEMENTING A LOCAL PROGRAM 

This section highlights some of the key ele- 
ments in implementing a local ground-water 
protection and source control program. The 
management tools used for ground-water protection 
are often complex and must be specifically tailored 
to local needs and conditions. Indeed, for a small 
local government, an innovative and carefully 
designed approach to program implementation may 
be the only way to produce an effective program. 
This section discusses some of the considerations 
involved in developing a qualified staff, 
communicating with the local community, and 
identifying appropriate enforcement and monitoring 
methods. 

t 

~ Staffing 

Local staff wiU need to have some knowledge 
about ground water and a degree of expertise in 
the particular regulatory methods chosen. The 
more familiar the staff is with ground-water issues, 
the easier it may be for them to make informed 
decisions. Knowledgeable staff will be able to: 

Understand why certain areas need 
ground-water protection; 

Evaluate the risks of pollution; 

Enforce effectively local 
requirements; 

Identify critical problems within 
the program; and 

Evaluate whether or not the 
program is making progress. 

Staff having experience with the type of 
management tool being used will have a better 
idea of which management and administrative 
techniques are best suited for the program. They 
will also be able to set realistic goals and their 
knowledge will aid in developing enforcement and 
oversight methods. The skills and experience of 
the staff are often invaluable assets, particularly in 
the development of an innovative wellhead 
protection program designed to meet local needs. 

People in local government, however, will not 
have extensive experience in all aspects of ground- 
water protection because it is a relatively new 

concern. There are. at least three ways to 
strengthen personnel resources: 

Hire additional staff with special- 
ized training or experience. The 
addition of new staff will increase 
salary costs and it may take some 
time for new staff to become 
familiar with local conditions. 
New staff can, however, bring. 
si&icant new talents to a 
program. 

Broaden the skills of existing staff 
with formal training in areas such 
as hydrogeology, environmental 
law, or land-use planning. Such 
courses may be available at local 
universities, through State or 
national associations, or from EPA 
or State environmental agencies. 

Use informal means to increase 
the skills of your existing staff 
(e.g., by sharing a "circuit rider" 
employee among several localities). 
Staff can "borrow" expertise from 
other agencies or universities, 
particularly when looking for 
information during development of 
the program, researching specific 
technical information, or searching 
for references and sources of 
information. 

Localities may be able to obtain information and 
support from outside entities such as: 

Departments of health; 

Water control boards or depart- 
ments; 

0 Universities: 

State environmental agencies; 

Divisions of soil and water con- 
servation; 

Departments of agriculture; 

Departments of housing, com- 
munity development, or planning; 
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0 Associations of counties; 

Regional planning agencies; 

0 EPA’s Regional offices; 

The District Office of the U.S. 
Geological Survey; and 

The U.S. Soil Conservation Ser- 
vice. 

Communities should not overlook the 
possibility that a neighboring jurisdiction may have 
developed a wellhead protection program and may 
be willing to share its expertise and experience. 
Such support may be particularly helpful if the 
hydrogeologic and land-use conditions are similar 
. in both- jurisdictions. 

I 

Transfer of knowledge among the staff is 
important for continthy and avoids wasting resour- 
ces rediscovering what has already been learned in 
the past. There are several techniques that may 
be useful for this purpose: 

,o Developing and orgnnizing infor- 
mation sources, such as guidance 
manuals and handbooks, will 
provide quick reference material 
for staff members. For example, 
a standard protocol can be 
developed for inspection of com- 
mercial and industrial operations. 
Similarly, a formal checklist may 
be useful for review of site plans. 

Documenting actions, such as the 
reasons for making particular 
decisions, provides an institurional 
knowledge that will remain even 
if some staff members leave the 
program. If, for example, a 
locality is systematically purchasing 
development rights within a 
wellhead protection area, it may 
prove useful to develop a formal, 
written strategy that includes the 

. criteria used to select land for 
acquisition and provides the 
rationale for determining offering 
prices. 

0 One-on-one training for new 
people is a simple way to transfer 
the knowledge of staff members 
before they leave the program. 

%om m u n ica t i o n 

Successful communication can contribute to an 
effective program. Publicity can be used to both 
inform and to build support. By providing people 
who might be regulated by the program, as well 
as people who might participate in monitoring and 
enforcement, with clear and concise material on 
their responsibilities and on the rationale for the 
program, a locality can increase the awareness and 
understanding of the program. These contacts will 
also provide an opportunity to answer questions 
and to respond to complaints or requests. 
Involvement of the entire community will ease the 
burden on the ground-water staff. For example, 
educated citizens will often enforce watering 
restrictions within their neighborhoods. 

Localities trying to reach out to the community 
at large may want to consider techniques such as: 

Mailings, advertisements, and 
flyers may be an effective way to 
reach a broad section of the 
population with minimal expense. 
This would be a good method to 
remind people that an existing 
water restriction program is still 
in effect. 

0 Community meetings can be used 
to provide information to and 
receive input from members of 
the community that have a specific 
interest in ground-water issues. 

0 Questionnaires, mailed to a large 
number of residents, are useful in 
getting a message out as well as 
obtaining feedback on ground- 
water issues. 

Localities trying to communicate with people 
or frrms directly regulated by the wellhead pro- 
tection program may want to consider: 

0 Mailings can be targeted at 
specific types of recipients, such 
as gas stations, dry cleaners, or 

. other small businesses that are 
likely to engage in activities or 
handle hazardous substances that 
are subject to regulation. 

0 Advertisements in trade journals 
to reach specific types of firms 
can be useful. Advertisements 
in local newspapers, while less 
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precisely targeted, may also prove 
effective. 

"be Chamber of Commerce may 
also provide a means of reaching 
local businesses either by using 
their membership lists for mailings 
or their meetings for presentations. 

Seminars may be used to com- 
municate detailed information to 
a small target group. Although 
seminars may involve greater effort 
and expense, a seminar might be 
a useful way to inform industry of 
newly developed operating 
standards. 

An example of an innovative approach to 
communication is the method used in a program 
to reduce nitrate contamination through controls 
on fertilizer application. As cited earlier, the 
Central Platte Natural Resources District in Grand 
Island, Nebraska used several demonstration farm 
fields to show that farmers could save on f e p k r  
costs while simultaneously reducing concentrations 
of nitrate in ground water. By demonstrating the 
effectiveness of the program, farmers have been 
supportive of the program restrictions. A good 
relationship with the community may help avoid 
many difbdties and inaease the degree of 
program compliance. 

Enforcement and Oversight 

One way to ensure that the resources invested 
in a wellhead protection program are used 
efficiently is through active enforcement and 
oversight of program requirements. The program 
will have fewer enforcement and oversight 
problems if the requirements of the program are 
detailed and clear, and if there are standards or 
other ways of measuring when requirements have 
been met. Compliance is often encouraged by 
providing either incentives or sanctions, sucb as 
permits for industry operation or fines for 
violations of design standards. 

A locality should clearly designate who will be 
conducting oversight and when this will occur, as 
well as who will take action and what steps will be 
taken when a violation occurs. Enforcement and 
oversight methods that might apply to a local 
program include techniques such as: 

Permits; 
Licenses; 
Fines; 
Management plans; 
Publication of specific rules; 
Clearly stated objectives; 
Reports demonstrating compliance; 
Inspections; and 
Ground-water monitoring. 

One innovative way of limiting the costs of 
enforcement and oversight activities is to look for 
opportunities to combine these activities with other 
local government programs. The agency 
responsible for issuing building permits, for ex- 
ample, may be able to ensure that design standards 
intended to protect ground water are met during 
new construction or major renovations. 

Another approach is to rely on self-enforce- 
ment of standards. Under this approach, regulated 
firms that are subject to, for example, operating 
standards, document their compliance activities on 
a regular basis. These records must be maintained 
for some period of time (perhaps one year) and 
must be made available if requested by a local 
official. This approach eliminates the burden of 
ongoing enforcement but provides methods for 
certlfylng compliance. 

In short, effective implementation is a key 
element in a successful wellhead proteaiun 
program. While many of these issues simply reflect 
common sense, they are important nonetheless. 
The best-designed program, for example, will have 
little effect if there is not sufficient staff to enforce 
it. Localities considering different approaches to 
a wellhead protection program should evaluate how 
each approach could be implemented and whether 
it will actually achieve the desired results. 
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FINDING ADDITIONAL INFORMATION 

Ground-water contamination is a national 
problem with Federal, State, and local efforts 
needed to protect present and future ground-water 
supplies. Although this document has focused on 
local methods for protecting ground water, Federal 
and State agencies have active ground-water 
protection programs that localities may wish to 
contact for more information. For information 
from EPA’s Office of Ground-Water Protection, 
please contact a Regional Ground-Water Repre- 
sentative, as listed in Exhibit 6, or EPA’s Office of 
Ground-Water Protection in Washington, D.C. at 
(202) 382-7077, 

State agencies responsible for developing and 
implementing State wellhead protection programs 
are also listed in this section. This list does not 
include a l l  the agencies in each State responsible 
for ground-water protection, but it does provide an 
initial contact. In addition, other State and 
regional groups may be able to help establish a 
local wellhead protection program, including 
universities, associations of cities or counties, 
national associations (e.g., the American Planning 
Association), and geological survey offices. 

A list of written sources of information that 
may also be useful starts on page 46. 
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EXHIBIT 6 

EPA Regional Ground-Water Representatives 
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STATE GROUND-WATER PROTECTION CONTACTS 

Alabama Connecticut 

Director, Department of 
Environmental Management 

1751 Federal Drive 
Montgomery, Alabama 36130 
(205) 271-7700 

Alaska 

Commissioner, Alaska Department 
of Environmental Conservation 

P.O. Box 0 
Juneau, Alaska 99811-1800 
(W7) 465-2600 

Arizona 
Assistant Director for Environmental Health 

Arizona Department of Health Services 
2005 North Central 
Room 202-A 
Phoenix, Arizona 85007 

Services 

(602) 257-2300 

Arkansas 

Director, Division of Engineering 
Department of Health 
4815 West Markham 
Little Rock, Arkansas 72205-3867 
(504) 661-2623 

California 

Executive Director, State Water Resources 

901 "P' Street 
Sacramento, California 95814 

Control Board 

(916) 445-1553 

Colorado 
Chief, Drinking Water/Ground Water Section 
Department of Health 
4210 East 11th Avenue 
Denver, Colorado 80220 
(303) 332-4534 

DEP Assistant Deputy Commissioner 
Department of Environmental Protection 
Room 117, State Office Building 
122 Washington Street 
Hartford, Connecticut 06106 
(203) 566-3245 

Delaware 

Delaware Department of Natural Resources 
Division of Water Resources 
Ground-Water Section 
Supervisor, Water Supply Branch 
P.O. Box 1401, 89 Kings Highway 
Dover, Delaware 19903 
(302) 736-4793 

Assistant Bureau Chief 
Department of Environmental Regulations 
2600 Blairstone Road 
Tallahassee, Florida 32301 
(904) 488-3601 

Georgia 
Deparment of Natural Resources 
Suite 1252 
205,Butler Street, S.E. 
Atlanta, Georgia 30334 
(404) 656-3500 

Hawaii 

Supervisor, Drinking Water Section 
Department of Health 
P.O. Box 3378 
Honolulu, Hawaii 96801 
(808) 548-2235 

Idaho 
Chief, Water Quality Bureau 
Idaho Department of Health and Welfare 
Division of Environment 
Boise, Idaho 83720 
(208) 334-5867 
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Illinois 

Director, Illinois Environmental 
Protection Agency 

2200 Churchill Road 
Springfield, Illinois 62706 
(217) 782-9540 

Indiana 

Deputy Commissioner 
Department of Environmental Management 
105 S. Meridian 
Indianapolis, Indiana 46204 

, (317) 232-8595 

Iowa 

Administrator, Environmental Protection 

Iawa Department of Natural Resources 
Wallace State Office Bu2dmg 
Des Moines, Iowa 50319 

Division 

’ (515) 281-5211 

Kansas 

Secretary, Department of Health 

Forbes Field, Building 740 
Topeka, Kansas 66620 

and Environment 

(913) 862-9360 

Kentucky 
Director, Division of Water 
Natural Resources and Environmental 

18 Reilly Road 
Frankfort, Kentucky 40601 
(502) 564-3410 

Protection Cabinet 

Louisiana 

Secretary, Department of Environmental 

P.O. Box 94381 
Baton Rouge, Louisiana 70804-4066 

Quality 

(504) 342-7015 

Maine 

Ground-Water Coordinator 
’ State Planning Office 
State House Station 38 
Augusta, Maine 04333 
(207) 289-3261 

Maryland 

Inspection and Compliance Program 
Maryland Department of the Environment 
Office of Environmental Programs 
201 West Preston Street 
Baltimore, Maryland 21201 
(301) 631-3625 

Massachusetts 

Director, Division of Water Supply 
Department of Environmental 

1 Winter Street 
Boston, Massachusetts 02108 

Quality Engineering 

(617) 2 m n o  

Michigan 

Chief, Waste Management Division 
Michigan Department of Natural Resources 
P.O. Box 30028 
LansingMichigan 48909 
(517) 373-1947 

Chief, Water Supply Division 
Michigan Department of Public Health 
3423 North Logan Street 
P.O. Box 30035 
Lansing, Michigan 48909 
(517) 335-8318 

Minnesota 

Director, Division of Environmental Health 
Minnesota Department of Health 
717 Delaware Street, S.E. 
P.O. Box 9441 
Minneapolis, Minnesota 55440 
(612) 623-5320 
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Mississippi 

Bureau of Pollution Control 
Department of Natural Resources 
P.O. Box 10385 
Jackson, Mississippi 39209 
(601) 961-5171 

Missouri 

Public Drinking Water Program 
Department of Natural Resources 
P.O. Box 176 
Jefferson City, Missouri 65102 
(314) 751-5331 

Montana 

Director 
Montana Department of Health and 

Environmental Sciences 
Cogswell Building, Room C 102 
Helena, Montana 59620 
(406) 444-2544 

Nebraska 

Water Quality Division Chief 
Nebraska Department of Environmental 

Office of the Governor 
P.O. Box 94848 
Lincoln, Nebraska 68509-4848 

Control 

(402) 471-2186 

Nevada 

Administrator, Nevada Division of 
Environmental Protection 

201 South Fall Street 
Carson City, Nevada 89710 
(702) 885-4670 

New Hampshire 

Commissioner, Department of Environmental 
Services 

6 Hazen Drive 
Concord, New Hampshire 03301 
(603) 271-3503 

New Jersey 

Assistant Director, Water Supply and Watershed 
Management Element 

Division of Water Resources 
Department of Environmental Protection 
1474 Prospect Street 
Trenton, New Jersey 08638 
(609) 292-7219 

New Mexico 

Director, New Mexico Environmental 

1190 St. Francis Drive 
Santa Fe, New Mexico 87504-0968 

Improvement Division 

(505) 827-2919 

New York 

Director, Department of Environmental 

50 Wolf Road, Room 306 
Albany, New York 12233-3500 

Conservation, Division of Water 

(518) 457-6674 

North Carolina 
Director, Division of Environmental 

Department of Natural Resources and 

P.O. Box 27687 
Raleigh, North Carolina 27611 

Management 

Community Development 

(919) 733-7015 

North Dakota 

Chief, Environmental Health Section 
Bismarck, North Dakota 58505 
(701) 224-2200 

Ohio 

Chief, Division of Ground Water Management 
Ohio Environmental Protection Agency 
1800 Water Mark Drive, Box 1049 
ColmbU, Ohio 43226-0149 
(614) 481-7183 

Oklahoma 
Oklahoma Department of Pollution Control 
Northeast 10th and Stonewall 
P.O. Box 53504 
Oklahoma City, Oklahoma 73152 
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Oregon 

Director, Department of Environmental 

811 S.W. Sixth Avenue 
Portland, Oregon 97204 

Quality 

(503) 229-6295 

Pennsylvania 

Associate Deputy Secretary 
Office of Environmental Management 
Pennsylvania Department of Environmental 

Fulton Building, 10th Floor 
P.O. Box 2063 ' 

Harrisburg, Pennsylvania 17120 

Resources 

(717) 787-5028 

Rhode Island 

Director 
Department of Environmental Management 
9 Hayes Street 
Providence, Rhode Island 02903 
(401) 277-2771 

South Carolina 

Chief, Bureau of Water Supply and Special 

Department of Health and Environmental 

2600 Bull Street 
Columbia, South Carolina 29201 
(803) 734-5310 

Programs 

Control 

South Dakota 

Division Director 
Division of Environmental Quality 
Department of Water and Natural Resources 
Joe Foss Building 
Pierre, South Dakota 57501 
(605) 773-5047 

Tennessee 

Administrator, Office of Water Management 
T.E.R.RA. Building 
150 Ninth Avenue North 
Nashville, Tennessee 37219-5404 
(6s) 741-3657 

Texas 

Chief, Ground-Water Conservation Section 
Texas Water Commission 
P.O. Box 13087 
Austin, Texas 78711 
(512) 463-7830 

Utah 

Bureau of Water Pollution Control 
Department of Health 
288 North 1460 West 
Salt Lake City, Utah 84116-0700 
(801) 538-6146 

Vermont 

Director 
Division of Environmental Health 
Department of Health 
60 Main Street 
Burlington, Vermont 05401 
(802) 863-7220 

Virginia 
Assistant Director of Operations 
Virginia Water Control Board 
P.O. Box 11143 
Richmond, Virginia 23230-1143 
(804) 257-6384 

Washington 

Department of Social and Health Services 
Olympia, Washington 98504 
(206) 753-7039 

West Virginia 

Director 
Environmental Engineering Division 
Office of Environmental Health Services 
1800 Washington Street, East 
Charleston, West Virginia 25305 
(304) 348-2981 

Wisconsin 

Administrator, Division of Environmental 

Wisconsin Department of Natural Resources 
101 South Webster, 2nd Floor 
Madison, Wisconsin 53702 

Standards 

(608) 267-7651 
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Wyoming 

Administrator 
Water Quality Division 
Department of Environmental Quality 
Herschler Building 
122 W. 25th Street 
Cheyenne, Wyoming 82002 
(307) 777-7781 

Guam 

Administrator, Guam Environmental Protection 

P.O. Box 2999 
Agana, Guam 96910 

Agency 

(671) 646-7579 

Northern Mariana Islands 

Chief 
Division of Envkonmental Quality 
F.O. Box 1304 
Saipan, CM 96950 
(670) 234-6114 

Puerto Rico 

Chairman, Environmental Quality Board 
Box 11488 
Santurce, Puerto Rico 00910 
(809) 725-5140 

Virgin Islands 

Commissioner, Department of Planning and 

179 Altona and Welgunst 
St. Thomas, V i g h  Islands 00820 

Natural Resources 

(809) 774-3320 
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ENDNOTES 

1. See Wellhead-Protection Districts in Wisconsin: An Analysis and Test ApplicatioJis, Stephen M. Born, 
Douglas A. Yanggen, Allan R. Czecholinski, Raymond J. Tiemey, and Ronald G. HeMings, Wisconsin 
Geological and Natural History Survey, Special Report 10, (Madison, WI: Wisconsin Department of 
Natural Resources, 1988), p. 52. See also Planning for Groundwater Protection, G. William Page, ed., 
(Orlando, n: Academic Press, 1987), p. 255. 

2. Contact: Lee Steppacher, Region 1, US. Environmental Protection Agency, (617) 565-3605. 

. 3. Source: U.S. Office of Technology Assessment, Protecting the Nation’s Groundwater from Contamination, 
October 1984. 

4. Contact: Bob Glascock, Portland, OR, (503) 796-7700. 

’ 5. Holman, David. “A Ground-Water Pollution Potential Risk Index System,“ Proceedings of a National 
Symposium on Local Govemment Options for Ground Water Pollution Control. (Norman, OK: University 
of Oklahoma, June 1986), p. 25. 

6. Contact: Bruce Haukom, Jefferson County Zoning Administrator, (414) 674-2500. 

7. Butler, Kent S. “Urban Growth Management and Groundwater Protection: Austin, Texas”, in Pfanning 
for Groundwater Protection, G. William Page, ed., (Orlando, FL: Academic Press, 1987), p. 261-287. 

8. Contact: Don Bulman, Department of Engineering Services, Town of Vestal, (607) 748-1514. 

9. Contact: Linda Boyer, Mayor, Town of Mt. Airy, (301) 795-6012. 

10. Contact: Richard Harlow, Meridian Township Department of Development Control, (517) 349-1200. 

11. Contact: Ron Bishop, Central Platte Natural Resources District Grand Island, NE, (308) 381-5825. 

12. Contact: Ronald Olsen, City of Renton Utility Engineering, (206) 235-2631. 

13. Contact: Bob McGrath, Brookings Health Department, (605) 692-6629. 

14. Contact: Dr. Edith Tannenbaum, Long Island Regional Planning Board, (516) 360-5189. 

15. Contact: Tony Scillia, East Orange Water Department, (201) 266-5100. 

16. Contact: Ronald Olsen, City of Renton Utility Engineering, (206) 235-2631. 

17. Topics suggested in the Texas Ground Water Protection Strategy, Texas Ground Water Protection 
Committee, January 1988. 

18. Contact: Springfield Watershed Commission, (417) 866-1127. 

19. Contact: Nick Richardson, Orange County Water District, (714) %3-5661. 

3. Contact: Penelope C. Sharp, Wilton Conservation Commission, (203) 834-9255. 

21. Parrett, Cynthia L. “Marion County, Indiana: Dealing with Ground Water Protection,” Proceedings of 
(Norman, 

1, 

a National Syniposiritn on Local Government Options for Ground Water Pollution Cotitrol. 
OK: University of Oklahoma, June 1986), p. 233. 
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22. Nickerson, Susan. "Local Participation in Regional Grbund Water Management: A Cape Cod Example," 
Pmeedings of a National Symposium on Local Govemment Options for Ground Water Pollution Control. 
(Norman, OE University of Oklahoma, June 1986), pp. 242-243. 

23. Contact: Claudia Stalman, Household Hazari~us Waste Program, (607) 772-2114. 

24. This list k drawn from Timothy Herbert, Dominic Forcella, and W. David Conn, Household Hatardous 
Waste Management in Kginia: A Guide for Local Govemments (Blacksburg, V A  Household Hazardous 
Waste Management Project, 1986) as cited in Margaret Hrezo and Pat Nickinson, Protecting Vitginia's 
Groundwater: A Handbook for Local Govemment Officials. (Blacksburg, V A  Virginia Water Resources 
Research Center, Virginia Polytechnic Institute and State University, 1986). 

25. Contact: Dr. Edith Tannenbaum, Long Island Regional Planning Board, (516) 360-5189. 
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